SALMONELLA BACTERIOPHAGES 
6. SOME HEAT RESISTANT PHAGES! 


by NANCY ATKINSON anp L. R. BULLAS 
(From the Department of Bacteriology, University of Adelaide, South Australia ). 


(Accepted for publication 27th February, 1957.) 


Boyd (1950) in his investigations of the symbiotic phages of S. typhi-murium, 
obtained several types which he considered to belong to the A group of Burnet 
(1932) and showed, among other characteristics, that they survived heating at 
85° C. Our investigations of the phages carried by other Salmonella serotypes 
showed that phages resistant to heating between 70 and 80° C. occurred in some 
lysogenic strains of S. bovis-morbificans ( Atkinson and Bullas, 1956a), S. potsdam 
(Atkinson and Bullas, 1956b), S. muenchen and S. enteritidis (Eggleton, 1956), 
S. blegdam and S. derby (unpublished observations). Sixteen heat resistant 
Salmonella phages thus became available and were used in a comparative study, 
the results of which are presented here. Boyd (1950) pointed out that “scant 
attention has been paid to the systematic study of phages as a whole or to 
the isolation, identification and classification of the different types associated with 
specific bacteria or groups of bacteria.” Apart from Boyd’s own work on the 
S. typhi-murium phages and the pioneer studies of Burnet (1932) little systematic 
work has been done on the Salmonella phages. The present results make a 
contribution to this field. 


MATERIALS AND METHODS. 


Sixteen phages were investigated. They were selected because of their resistance to 
heating at 70° C. for 30 minutes. They consisted of two S. bovis-morbificans phages, eight 
S. potsdam phages, three S. muenchen phages, one S. blegdam phage, one S. enteritidis phage 
and one S. derby phage. The two S. bovis-morbificans phages were BM8/18 and BM14/18 
previously described by Atkinson and Bullas (1956a). The stock phages were heated at 
70° C. for 30 minutes and then called BM8h/18 and BM14h/18, the “h” indicating heat 
resistance. The eight S. potsdam phages were P4h/2, P5h/2, P8h/2, P9h/2, P12h/2, 
P13h/2, P14h/2, and P16h/2 previously described by Atkinson and Bullas (1956b). De- 
scriptions of the other six phages have not previously been published. Like the S. bovis- 
morbificans and S. potsdam phages they were derived from lysogenic strains and designated 
by a formula consisting of a capital letter representing the serotype providing the phage, 
then the number of the lysogenic strain followed by the number of the propagating strain. 
They were also marked with the letter h to indicate heat resistance. The three S. muenchen 
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phages were propagated on S. muenchen strain 24 and came from S. muenchen strains 3, 
5 and 19 respectively. They were therefore designated M3h/24, M5h/24 and M19h/24. 
The S. blegdam phage was propagated on S. blegdam strain 49 and came from S. blegdam 
strain 43. It was therefore called B43h/49. The S. enteritidis phage was propagated on 
S. enteritidis strain 1 and came from S. enteritidis strain 2. It was therefore called E2h/1. 
The S. derby phage was propagated on S. derby strain 41 and came from S. derby strain 39. 
It was therefore called D39h/41. The propagating strains of these six phages appeared to 
be non-lysogenic. 

The six new phages were obtained by extracting the mixed growth on agar of the 
lysogenic and propagating strains, centrifuging the extract, heating it at 70° C. for 30 
minutes and plating it out with the propagating strain to yield isolated plaques. An isolated 
plaque was picked off, sown into broth with the appropriate propagating strain and the 
culture, after incubation, was centrifuged and heated at 70° C. for 30 minutes. From this 
heated phage preparation an isolated plaque was again obtained and cultivated in broth 
with the appropriate propagating strain. The broth was centrifuged, heated at 70° C. for 
30 minutes, and then constituted the stock phage. 

Under identical conditions, various characteristics of the 16 phages were determined. 
Heat resistance was investigated according to the method of Atkinson and Bullas (1956c) 
using the appropriate propagating strain. Lysis tests were done by the method of Craigie 
and Yen (1938). Plaque characteristics were determined after 1-2 hours at 37° C. followed 
by 16-18 hours at 4° C. and a further 5-6 hours at 37° C. Citrate sensitivity tests were 
done according to Adams (1952) and urea sensitivity tests according to Burnet (1933). 
Antisera were produced in rabbits by intravenous inoculations, 2 days apart, consisting of 
0-25 to 1 ml. of phage of a concentration giving confluent lysis at a dilution of no less than 
10-8. Antiserum neutralisation tests were done according to the method used for S. adelaide 
phages (Atkinson and Bullas, 1956c) but test dilutions of serum were limited to 1/40, 1/80, 
1/160 and 1/320, which were sufficient to show if relationships existed between the phages 
under investigation. The appropriate propagating strain was used for lysis tests with each 
phage-serum mixture. 

The standard nutrient agar used in all tests consisted of Oxoid nutrient broth to which 
was added 0-5 p.c. Oxoid yeast extract and 1-2 p.c. powdered agar. 


RESULTS. 


Heat resistance, citrate and urea sensitivity. 


The results of tests on the 16 phages for heat resistance and sensitivity to 
citrate or urea are given in Table 1. The two phages M19h/24 and D39h/41 
were less resistant to heat than the other 14 phages and were inactivated between 
75 and 80° C. The other phages withstood heating at 80 to 85° C. On ability 
to survive at 80° C., the phages were thus divisible into two groups consisting 
of M19h/24 and D39h/41 inactivated at 80° C. and the other 14 phages surviving 
at 80° C. The 16 phages were unaffected by urea but six of them, including 
M19h/24 and D89h/41, were inactivated by citrate. 


Plaque characters. 


In general, the plaques of all the phages excepting D39h/41 were similar, 
small to medium in size, and consisted of a central spot of bacterial growth 
surrounded by a more or less clear ring. Some differences in plaque size and 














SALMONELLA PHAGES 
































TABLE 1. 
Heat resistance, citrate and urea sensitivity tests. 
Heat resistance. 
Citrate 
Phage Heated for 30 minutes at | (0-05 M) Urea test 
tested Unheated ' test 
| 70°C | 75°C | 80°C | 85°C | 90°C 
| 

BM8h/18 + + | + “a es ane + + 
BM14h/18 + + | + + + - + + 
P4h/2 + +/+) 4+ ]24i]- ek 
P5h/2 + | + + + + - + + 
P8h/2 + | + + ~ tr — 4. | re 
P9h/2 + eieis¢eiszi< - | + 
P12h/2 + +|/+]+i]¢@] - - | + 
P13h/2 + | + + + | + - + + 
P14h/2 + + + | + | tr _ 4 + 
P16h/2 ~ aban ae ae ~ | ~ 
M3h/24 + >) + + | + - _ + 
M5h/24 - + + {| + ]4H — | é + 
M19h/24 - +{/-]/—-]--]- |] = | + 
B43h/49 aa o + i+ i232 | — | f- +4 
E2h/1 + + + + | + — | + + 
D39h/41 - aa te | — | _ | — | - + 

+ = lysis as in control. 

+ = lysis less than in control. 

tr = a few plaques. 


= no lysis. 


detail occurred, however. Descriptions of the plaques of phages BM8h/18, 
BM14h/18, P4h/2, P5h/2, P8h/2, P9h/2, P12h/2, P13h/2, Pl4h/2 and P16h/2 
were given by Atkinson and Bullas (1956a and b). These plaques consisted of 
a large disc of bacterial growth surrounded by a more or less clear ring with 
irregular edge. With each phage considerable variation in plaque diameter 
occurred ranging from 0-3 to 1-0 mm. Plaques of P13h/2 and P14h/2 were 
surrounded by a halo. 


Descriptions of the plaques of the six new phages are given here. Phages 
M3h/24 and M5h/24 produced similar plaques of average diameter 0-24 mm., 
consisting of a central disc of bacterial growth surrounded by a clear ring with 
entire edge. Phage M19h/24 produced plaques of average diameter 0-30 mm. 
consisting of a central disc of bacterial growth surrounded by a clear ring with 
irregular edge. 


Phage B43h/49 produced plaques of average diameter 0-33 mm., consisting 
of a small central disc of bacterial growth surrounded by a clear ring with a 
hazy edge merging into numerous surrounding satellite plaques of microscopic 
size. Phage E2h/1 produced plaques of average diameter 0-18 mm., consisting 
of a small central disc of bacterial growth surrounded by a ring of clear lysis 
with a faint halo. Phage D39h/41 produced plaques of average diameter 0-20 
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mm., differing from those of the other phages in having no outer ring of lysis. 
These plaques were completely covered with rather granular bacterial growth 
and were very hazy. 

Of the 15 phages producing plaques consisting of a central disc of bacterial 
growth surrounded by a more or less clear ring, BM8h/18, BM14h/18 and the 
eight S. potsdam phages P4h/2 to P16h/2 gave the largest plaques with average 
diameter 0-7 mm. They also showed the greatest variation in plaque size. 
Haloes were not common but were faintly seen around plaques of phages E2h/1, 
P13h/2 and P14h/2 and numerous microscopic satellite plaques appeared around 
plaques of B43h/49. Thus considerable variation in plaque characters was 
observed among the 16 phages. 


Activity of the phages and resistance to cold storage. 

Strong, confluent lysis was produced by the 16 stock phages at dilutions 
from 10-* to 10-*. After many months storage at 4° C., the 14 phages surviving 
80° C. were unaffected but phages M19h/24 and D39h/41 were reduced in 
activity. 

Serological tests. 


Antiserum was prepared against each of the phages BM14h/18, P4h/2, P8h/2, 
M8h/24, M5h/24, M19h/24, B43h/49 and D39h/41. These phages proved to be 
good antigens and high titre antisera were easily obtained. 


TABLE 2. 
Serological tests with heat resistant phages. 





Antiserum tested 





Phage 
tested | | | 
BM14h/18 | P4h/2| P8h/2| M3h/24 | Moh/24 | M19h/24 | B43h/49 | D39h/41 





BM8h/18 
BM14h/18 
P4h/2 
P5h/2 
P8h/2 
P9h/2 
P12h/2 
P13h/2 
P14h/2 
P16h/2 
M3h/24 
M5h/24 
M19h/24 
B43h/49 
E2h/1 
D39h/41 








+H LL HEHEHE E+ II 
+H ++ LHRH I | 
HHH LP HEHEHEHEHEHE- II 
+++ 1 ++t+t++++++4+4+ 
UL EHEEHEHEHEHE HEHE EHH 
b+ttt+++ttt+++t+ 


+HH+HH IEEE EL ltt 
+HH+HH IT TEE EE LL ++ 

















| 
| 
| | 


+ = lysis as in control, phage not inactivated. 
+ = lysis less than in control, phage partly inactivated. 
— = no lysis, phage completely inactivated, 
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The eight antisera were tested against the 16 phages and the results are 
given in Table 2. 

Each serum was tested in four two-fold dilutions (1/40 to 1/320) against 
a concentration of each phage giving approximately semiconfluent lysis. At 
these serum dilutions the homologous phage was completely inactivated and 
no lysis was seen. With other phages three different kinds of reaction occurred. 
Some phages were completely inactivated in the four serum dilutions and showed 
no lysis. This reaction was recorded as — in Table 2. Other phages were un- 
affected by any serum dilution and showed lysis similar to that of the control 
phage in normal serum. This reaction was recorded as + in Table 2. Other 
phages showed a reduction of the degree of lysis, often accompanied by a reduc- 
tion in plaque size, in all serum dilutions. This reaction was recorded as + in 
Table 2. 

A close serological relationship was demonstrated between phages BM8h/18, 
BM14h/18, M3h/24 and M5h/24 all of which were inactivated by antiserum 
prepared against phage BM14h/18, M3h/24 or M5h/24. 

Phages B43h/49 and E2h/1 were also closely related serologically as they 
were both inactivated by antiserum prepared against phage B43h/49. The eight 
S. potsdam phages showed no close serological relationship to any of the other 
phages but were closely related to each other (Atkinson and Bullas, 1956b). 
Phage M19h/24 was not related serologically to the other two S. muenchen 
phages M3h/24 and M5h/24 nor to any other phage in Table 2. Phage D39h/41 
was also unrelated serologically to any of the other phages in Table 2. 

Apart from M19h/24 and D39h/41, the other 14 phages showed either close 
(—in Table 2) or more remote (+ in Table 2) serological relationships to one 
another. These 14 phages therefore formed a broad serological group in which 
some phages were more closely related than others. This broad serological 
grouping correlated with the grouping on resistance to 80° C. 


Lysis tests. 


To compare the lysis patterns of the 16 phages they were tested on the six 
propagating strains not shown to carry heat resistant phage and on the 16 lyso- 
genic strains supplying the phages. The results are given in Table 3. 

On the propagating strains not carrying heat resistant phage the lysis range 
of each phage (vertical rows in Table 3) was restricted, although more exten- 
sive than the lysis range on the 16 strains carrying heat resistant phage. Phages 
BM8h/18, BM14h/18, M3h/24 and M5h/24 lysed only two of the propagating 
strains, S. bovis-morbificans 18 and S. muenchen 24, both belonging to Salmonella 
Group C,. Phages M3h/24 and M5h/24 also lysed S. bovis-morbificans strains 
8 and 14 carrying the related phages BM8h/18 and BM14h/18 respectively. 
Thus carriage of these phages failed to protect these strains against the closely 
related phages M3h/24 and M5h/24. No other strain in Table 3 carrying phage 
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surviving 80° C. was lysed by a phage surviving 80° C. Phages M3h/24 and 
M5h/24 also lysed S. muenchen strain 19 carrying the unrelated phage M19h/24 
not surviving at 80° C. This phage M19h/24 lysed only S. muenchen strain 24 
and failed to lyse any of the strains of S. bovis-morbificans lysed by phages 
MS3h/24 and M5h/24. It therefore differed from these two S. muenchen phages 
in lysis pattern as well as in heat resistance and serology. 

The S. potsdam phages, P4h/2 to P16h/2 in Table 3, lysed only S. potsdam 
strain 2, their propagating strain. Phages B43h/49 and E2h/1 lysed S. blegdam 
strain 49 and S. enteritidis strain 1, the two propagating strains for these phages, 
both strains belonging to Salmonella Group D. Phage D39h/41 lysed only 
S. derby strain 41, its propagating strain. 

These results suggested that the phages surviving 80° C. were each limited 
in lysis range to Salmonella strains belonging to a particular O group, related to 
the serotype from which the phage came. Further, to investigate this sugges- 
tion, Salmonella strains representing numerous O groups were tested for lysis 
with the 16 phages. The results of these tests are given in Table 4. 

No lysis occurred with the Salmonella strains of Groups A, E, F, G, H or 
Further Groups. Phages BM8h/18, BM14h/18, M3h/24 and M5h/24 lysed a 
number of strains in Group C, only. The eight S. potsdam phages lysed several 
strains in Group C; only. Phages B43h/49 and E2h/1 lysed some of the strains 
in Group B and some in Group D. These two Groups share the O antigen 12. 
The shared O antigen 6 of Groups C; and C2 was not apparently concerned in 
lysis as strains of each of these Groups were lysed by a different set of phages. 
The specific O antigens 7 and 8 were probably involved. The results in Table 
4 supported the suggestion that lysis of a strain by any of the phages surviving 
80° C. was dependent upon the presence of certain O antigens corresponding 
to those of the serotype supplying and propagating the phage. 

Many strains of a susceptible O group were not lysed by any phage in Table 
4. To determine if their resistance to lysis were related to carriage of heat re- 
sistant phage, a number of strains which failed to lyse were tested for lysogenicity 
using as indicator, where possible, the propagating strain of the phages attacking 
the corresponding O group. For example, strains of Group C; were tested on 
S. potsdam strain 2. However, from Group B no propagating strain for a typical 
heat resistant phage (surviving 80° C.) was available. S. typhi-murium strain 
$171 (O form) which gave confluent lysis with phage E2h/1 was therefore used 
as an indicator for testing Group B strains for lysogenicity. 

Each strain to be tested for lysogenicity was grown together with the selected 
indicator strain on agar, the mixed growth was extracted in broth, the extract 
centrifuged and divided in half. One half was heated at 70° C. for 30 minutes 
and the other half was unheated. The heated and unheated extracts were then 
tested for lysis of the corresponding indicator strain. The results of the lyso- 
genicity tests are given in Table 5. 
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TABLE 5. 
Lysogenicity tests with some Salmonella strains not lysed by the heat-resistant phages. 
Lysis with extract 
Strain tested Indicator strain 
Unheated | Heated at 70°C 
Group B 
S. typhi-murium var. Copenhagen 
$63 | S. typhi-murium O-form $171 + — 
S. typhi-murium $175 | S. typhi-murium O-form $171 as + 
S reading $302 | S. typhi-murium O-form 8171 — _ 
S. derby $29 | S. typhi-murium O-form $171 _ - 
S. california $154 | S. typhi-murium O-form 8171 _ — 
Group C, 
S. paratyphi C $10 | S. potsdam 2 - - 
S. paratyphi C $259 | S. potsdam 2 + + 
S. tennessee S158 | S. potsdam 2 + - 
Group C, 
S. newport var. puerto-rico S45 | S. bovis-morbificans 18 — - 
S. bovis-morbificans 7 | S. bovis-morbificans 18 + + 
S. kentucky $132 | S. bovis-morbificans 18 + + 
S. corvallis $229 | S. bovis-morbificans 18 - _- 
S. hindmarsh $319 S. bovis-morbificans 18 - - 
Group D 
S. typhi $94 S. blegdam 49 _ _ 
S. dublin $295 | S. blegdam 49 - - 
S. moscow $145 | S. blegdam 49 - _ 
S. dar-es-salaam $203 | S. blegdam 49 _ 
S. rostock $303 | S. blegdam 49 — - 
S. berta $146 | S. blegdam 49 + - 
Group E 
S. anatum $149 | S. senftenberg 70 _ _ 
S. newington $233 | S. senftenberg 70 + _ 
+ many plaques to confluent lysis. 


Il tl 


no lysis. 


Of the five Group B strains tested in Table 5, two strains were lysogenic on 
S. typhi-murium strain $171 and the phage of S. typhi-murium strain $175 sur- 
vived heating at 70° C. Of the three Group C; strains tested, two were lysogenic 
on S. potsdam strain 2 and the phage of S. paratyphi C strain $259 survived heat- 
ing at 70° C. In Group C, two of the five strains tested were lysogenic on S. 
bovis-morbificans strain 18 and their phages survived 70° C. In Group D only 
one strain, S. berta $146, was lysogenic on S. blegdam strain 49 but its phage 
was inactivated at 70° C. In Group E, two strains were tested on S. senftenberg 
strain 70, which had never been lysogenic in many of our unpublished tests 
with strains of S. senftenberg and should be suitable as an indicator. S. newing- 
ton strain $233 was lysogenic on S. senftenberg strain 70 but its phage was in- 
activated at 70° C, 
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Thus, out of 21 Salmonella strains not lysed by heat resistant phage, eight 
were lysogenic on selected indicator strains but only four produced phage sur- 
viving at 70° C. The results in Table 5 suggested that carriage of heat resistant 
phage accounted for the resistance of only a few of the strains tested. How- 
ever, the lysogenicity tests used here involved no more than one indicator strain 
for each O group. Some lysogenic strains might therefore have been missed 
through unsuitable indicators although the indicators selected were, as far as 
possible, known to be sensitive to phages of one of the O groups under test. 

The results of lysis tests with the 16 phages and some other members of 
the Enterobacteriaceae, outside the Salmonella group, are given in Table 6. 

No lysis occurred with any of the strains in Table 6. The phages were 
apparently restricted in activity to the Salmonella group. 


General characteristics and suggested subdivision of the heat resistant phages. 


The 16 phages resembled each other in lysing only strains of the Salmonella 
group and in surviving heating at 70° C. for 30 minutes. On heating at 80° C. 
for 30 minutes they were clearly divided into two groups consisting of phages 
M19h/24 and D39h/41 which were inactivated at 80° C. and the other 14 
phages which survived at 80° C. The 14 phages thus grouped together on heat 
resistance were also related serologically and in lysis pattern. They appeared to 
form a well distinguished and easily recognisable subdivision of the Salmonella 
phages for which the title sub-group h (indicating heat resistance) is here sug- 
gested. Sub-group h consisted of phages surviving heating at 80° C. for 30 
minutes, related to each other serologically and showing a specificity of lysis 
for certain Salmonella O groups. The A group phages of S. typhi-murium de- 
scribed by Boyd (1950) and the A group Salmonella phages of Burnet (1932) 
would fit to some extent into the suggested sub-group h of the Salmonella phages. 

Within sub-group h further differentiation was readily obtained on serology 
and lysis pattern which were closely correlated. Though the 14 phages were 
broadly related serologically, three distinct serological groups could be dis- 
tinguished, in each of which the phages were more closely related to each other 
than to the phages of another group. Each serological group lysed a different 
Salmonella O group. Thus phages BM8h/18, BM14h/18, M3h/24 and M5h/24 
formed a closely related serological group which lysed only strains of Salmo- 
nella Group Cy. Phages P4h/2, P5h/2, P8h/2, P9h/2, P12h/2, P13h/2, P14h/2, 
P16h/2 formed a second closely related serological group which lysed only 
strains of Salmonella Group C,;. Phages B43h/49 and E2h/1 formed a third 
closely related serological group which lysed only strains of Salmonella Groups 
Band D. Thus phages lysing the same O group were more closely related sero- 
logically than those lysing different O groups. These sub-divisions of sub- 
group h were designated by the letter of the Salmonella O group which they 
lysed. For example, the phages lysing O group C. were placed in sub-division 


C,. The three sub-divisions recognised so far were C;, Cz and D. 
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Within each of these sub-divisions finer distinctions could be made on citrate 
sensitivity, lysis pattern on selected indicator strains or plaque morphology. 
Citrate sensitivity further differentiated the phages of sub-division C; and also 
of sub-division C2. In sub-division C, the two phages P9h/2 and P12h/2 were 
citrate sensitive but the other six phages were not affected by citrate. Some 
variations in plaque morphology and lysis pattern were also noted by Atkinson 
and Bullas (1956b) who considered the differences insufficient for special recog- 
nition and allocated the eight phages to S. potsdam phage type 2. In sub- 
division C, the two phages BM8h/18 and BM14h/18 were not sensitive to citrate 
and gave identical plaque morphology and lysis pattern. They were considered 
to be identical phages. Atkinson and Bullas (1956a) previously recorded them 
as similar phages of a recognisable type and allocated them to type 5 of the 
S. bovis-morbificans phages which they described. The other two phages M3h/24 
and M5h/24 in sub-division C. were citrate sensitive, gave similar plaque mor- 
phology and lysis pattern and were considered to be identical phages. They 
were therefore designated as S. muenchen phage type 1. The two phages 
B43h/49 and E2h/1 in sub-division D were both insensitive to citrate but could 
be distinguished from each other by plaque morphology and lysis pattern. Phage 
B43h/29 was allocated to S. blegdam phage type 1 and phage E2h/1 was 
allocated to S. enteritidis phage type 1. 

The two phages M19h/24 and D89h/41 which were inactivated at 80° C. 
and therefore were not placed in sub-group h, showed no serological relation- 
ship to each other nor to any of the sub-group h phages. In lysis pattern and 
plaque morphology they also differed from each other. The allocation of these 
phages to a sub-group seemed unwise at present. 


DISCUSSION. 


The previous papers of this series each dealt with the characters of phages 
derived from one Salmonella serotype, whereas the present paper compares 
phages derived from six different serotypes representing four different Salmonella 
O Groups. Apart from the work of Burnet (1932) comparative studies of Salmo- 
nella phages are lacking. In the present study heat resistance (survival at 80° 
C. for 30 minutes) was used as the primary character for definition of a related 
group of 14 phages called sub-group h. This character was selected because 
(1) it depended upon an intrinsic property of the phage particle and was unin- 
fluenced by host variations, (2) it was easily determined, (3) it was closely 
correlated with serology and lysis range but gave more clear-cut results. 

The phages of sub-group h are probably closely related to the A group 
phages of Boyd (1950) and Burnet (1932). However, the primary criterion 
for distinction of the A group phages was plaque character. The phages of sub- 
group h conformed to some extent to the plaque characters of the A group phages, 
but considerable variation occurred and very few produced haloes. However, 
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alterations in plaque morphology are notoriously easy to induce by small environ- 
mental changes. Also plaque characters, being the result of host-virus inter- 
action, are not a straightforward reflection of phage properties. Plaque characters 
were not therefore used for primary or even secondary sub-division in the present 
study. 


Within sub-group h further sub-divisions were made on serological reactions. 
Like heat resistance, the serological reaction of a phage depends upon an intrinsic 
property of the particle itself and is unlikely to vary like plaque morphology. 
Within sub-group h three serological groups were recognised in each of which 
the phages showed a specific lysis range covering strains of a particular O group. 
The O group attacked was related to the O group of the serotype supplying and 
propagating the phage. Three sub-divisions C,, C2 and D were established and 
distinguished on serology and lysis range. Burnet (1932) pointed out that his 
A group phages were specifically directed towards Salmonella strains containing 
the antigen III of Bruce White. In this characteristic Burnet’s phages resembled 
those of sub-division D. 

Finer distinctions within sub-divisions C,; and Cz could be made primarily 
on citrate sensitivity and within sub-division D on plaque characters and lysis 
pattern. To facilitate the future identification of similar phages, the practice, 
adopted in the earlier papers of this series, of allotting recognisable phages to 
numbered types was followed. The four previously undescribed phages in sub- 
group h provided three new types called S. muenchen phage type 1, S. blegdam 
phage type 1 and S. enteritidis phage type 1. 


Two phages, M19h/24 and D34h/41, failed to survive at 80° C. and were 
therefore excluded from sub-group h. Unlike those included in sub-group h, 
these two phages showed no relationship to each other or to sub-group h in 
either serology or lysis range. Their only common character was their ability 
to survive at 70° C. Their grouping must await further work on other Salmonella 
phages of similar intermediate heat resistance. 


SUMMARY. 


Of 16 Salmonella phages, surviving heating at 70° C. for 30 minutes, 14 
also survived heating at 80° C. for 30 minutes. These 14 phages proved to be 
related serologically and in the specificity of their lysis towards a particular 
Salmonella O group. They were considered to form an easily recognisable group 
of which the primary characteristic was heat resistance and for which the name 
sub-group h was suggested. Within sub-group h further differentiation was made 
on close serological relationship and affinity for a particular Salmonella O group. 
Three sub-divisions were proposed and designated C;, Cz and D after the Sal- 
monella O group attacked. Further differentiation was possible within each 
sub-division on citrate sensitivity and plaque characters. 
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The 14 phages of sub-group h came from lysogenic strains of the five dif- 


ferent serotypes S. bovis-morbificans, S. potsdam, S. muenchen, S. blegdam and 
S. enteritidis and thus represented three different Salmonella O groups. 


The two phages failing to survive at 80° C. were not related to each other 
nor to sub-group h. 
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COMPARISON OF BLOOD CLOTTING IN MARSUPIALS 
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Several blood clotting factors are proteins. Some of them show a quantita- 
tive difference in activity in homologous and heterologous combinations. Al- 
though it is known that clotting factors do not show absolute species specificity 
it seems likely that the differences of activity which they exhibit are due to 
characteristic features of molecular structure which are determined by biolo- 
gical relation. As marsupials are believed to be earlier forms in the evolution 
of mammals, the blood coagulation of some Australian marsupials has been 
investigated and compared with that of man. 


MATERIALS AND METHODS. 


The following marsupials were available: brush-tailed possum (Trichosurus vulpecula), 
ring-tailed possum (Pseudocheirus laniginosus), black-tailed wallaby (Wallabia bicolor), and 
tiger-cat (Dasyurops maculatus). The animals were trapped, and specimens of the first 
three named were received in apparently healthy condition. The tiger-cat was caught in a 
rabbit trap whereby it lost a leg, the remaining stump being severely infected. The animals 
were anaesthetised with ether and blood was taken from the exposed carotid artery through 
a silicone-coated glass cannula. One volume of 0-1 M-sodium oxalate was mixed with nine 
volumes of blood. 

Human blood was obtained from healthy donors. 

In each case brain thromboplastin was prepared from organs freed of blood by rinsing 
with 0-15 M-sodium chloride and dehydrated with acetone according to Quick (1940). 

A P-lipid fraction was isolated from sheep brain according to Eagle (1935). 

Thrombin was prepared essentially according to Mellanby (1909). 

Prothrombin-free plasma was prepared by stirring freshly-prepared barium sulphate 
suspension into ten times its volume of oxalated plasma; 10-20 mg. barium sulphate was 
used per ml. oxalated plasma. The mixture was placed in iced water and stirred periodically 
for 30 minutes. Clear plasma was obtained by centrifuging at 4° C.; this will be called 
Ba-plasma. 

The euglobulin fraction of plasma was obtained according to Mellanby (1909). The 
precipitate was dissolved in one-half of the original plasma volume of a solution containing 
0-13M NaCl, 0-01M sodium oxalate, and 0-017M sodium bicarbonate. 





1 This work was carried out with the support of a grant from the National Health and 
Medical Research Council, Canberra. 
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Platelet counts were carried out by the technique of Feissly and Liidin (1949). 
5-Hydroxytryptamine assays were performed on the atropinised isolated rat colon, accord- 

ing to Dalgliesh, Toh and Work (1953), using 5-hydroxytryptamine creatinine sulphate as 

standard. 
Paper electrophoresis of sera was carried out in veronal buffer, pH 8-6, ionic strength = 

0:05. Staining was done with bromphenol blue; “EEL” apparatus and scanner were used. 
Moving boundary electrophoresis of serum was carried out in veronal buffer, pH 8-6, 

ionic strength = 0-1. 

References for other preparations and analytical techniques are given by Fantl and 

Marr (1956). 


RESULTS. 


In the experiments recorded in Table 1, homologous and heterologous brain 
extracts, together with calcium ions, were added to different oxalated plasmas. 


TABLE l. 
Plasma clotting time (sec.) with homologous and heterologous brain suspension. 














Plasma of: 
Brain of x | l 
Possum | Possum | Tiger- |Domestic 
Man (brush-tailed) (ring-tailed) |W. allaby | eat | fowl 
Man 13[11-5-15] | 35 [26-55] | 31- 5[19, 44] | 36 30 >60 
(9) | (4) (2) | 
Possum 23 [18-28] | 13-5 [10-21- 5) 9-5[8-5, 11] 11 | 11-5 | 36 
(brush-tailed) (10) (6) (2) | 
Wallaby 23 | na | — oi—] — 
Tiger-cat 36 — — ; — | 13 _ 
Domestic fowl >60 | 29 28 ; o— — 20 
(2) } | | 





The brain thromboplastins were prepared as 3 p.c. suspensions of acetone-dried powder in 
0-15 M NaCl kept at 37° C for 1 hour and cooled in ice water; the milky supernatant fluid free 
of coarse particles was used. 0-1 ml. of oxalated plasma and 0-2 ml. of a mixture of equal volumes 
of brain suspension and 0-01 M calcium chloride, were mixed at 37° C. The figures represent 
average clotting times. The observed range is given in square brackets. The figures in curved 
brackets indicate the numbers of individual plasma specimens tested. 


From the results given in Table 1 it can be seen that human brain thrombo- 
plastin had a low activity on marsupial plasma and very little activity on domestic 
fowl plasma. Similarly, domestic fowl brain was not effective in clotting human 
plasma, and marsupial brain thromboplastins had low activity on human plasma. 
On the other hand brain thromboplastin caused homologous plasma to clot in a 
relatively short time. Brush-tailed possum brain was equally effective on plasma 
from possum (both brush-tailed and ring-tailed), wallaby and tiger-cat, and 
further appeared to be at least as active on the two last-named plasma as were 
their own brain thromboplastins. The combinations brush-tailed possum brain 
with domestic fowl plasma and domestic fowl brain with possum plasma gave 
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intermediate clotting times. The above results are of a qualitative nature and 
give no indication of the concentration of a particular clotting component. 

The rate of conversion of prothrombin into thrombin was followed and the 
concentration of prothrombin was determined with the assay procedure of 
Fantl (1954a). 

Fig. 1 indicates that prothrombin of possum plasma was converted at a 
rapid rate into thrombin with homologous brain thromboplastin. However, if 
human brain thromboplastin was used the rate of conversion was greatly delayed 
and thrombin yield was markedly reduced. Comparable results were obtained 
with plasma of wallaby and of tiger-cat, and it was also found that possum 
brain was as effective in the conversion of prothrombin of wallaby and tiger-cat 
plasma as were their respective brain thromboplastins. Domestic fowl brain 
gave results intermediate between those obtained with marsupial and human 
brain. These results are in agreement with the observations recorded in Table 1 
and emphasise that the marsupial brain thromboplastin possesses a greater affin- 
ity for the marsupial prothrombin complex than does human brain thrombo- 
plastin. Further, it will be noted that the source of fibrinogen for the testing 
of thrombin also had an influence on the thrombin yield. Possum Ba-plasma 
as a substrate for thrombin gave lower yields than human Ba-plasma. 
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Fig. 1. Rate of formation and yield Fig. 2. Rate of formation and yield of throm- 

of thrombin in possum (brush-tailed ) bin in human plasma. The reaction mixture 

plasma. The reaction mixture con- contained 0-015 ml. plasma and the following 

tained 0-015 ml. plasma and as throm- brain extracts as thromboplastin: 

—— the following brain extracts: (a) 6 p.c. human A—A 

(a) 3 p.c. possum (brush- (b) 3 p.c. possum O—O 
tailed ) oO--O (c) 3 p.c. domestic fowl ae anes 

(b) 3 p.c. ee ( brush- Thrombin was measured with human Ba- 
tailed ——O plasma. The assay was the same as given in 

(c) 6 p.c. human A——A Fig. 1. 

(d) 6 p.c. human 3 come Oe 

(e) 3 p.c. domestic fowl +——+ 


Thrombin was measured with 
human Ba-plasma in (a), (c) and 
(e), and with possum Ba-plasma in 
{b) and (d). The prothrombin as- 
say was performed according to Fantl 
(1954a). Thrombin units are given 
per ml. of native plasma. 
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Similar experiments to those recorded in Fig. 1 were carried out with 
human plasma and the results are given in Fig. 2. 

As can be seen from Fig. 2 prothrombin of human plasma can be converted 
at the same rate and with the same yield of thrombin by human and possum 
brain extract. In other experiments it was found that possum brain could be 
replaced by that of wallaby or tiger-cat with substantially similar results; but 
brain of the domestic fowl did not convert human prothrombin into thrombin. 
Some of these results are not in accord with those given in Table 1. 

Thromboplastins are complexes of P-lipids and proteins. Whereas the affin- 
ity for the prothrombin complex is determined by the protein part the activity 
is dependent upon the P-lipid moiety. In order to obviate the influence of the 
protein part of the thromboplastin a P-lipid fraction of sheep brain was used 












for the activation of prothrombin in both human and possum plasma. 
The results in Fig. 3 indicate that it was possible to convert prothrombin 
of possum and human plasma into thrombin by P-lipids, although the incuba- 


tion time for maximum yield was longer than with homologous brain. 
conversion could be accelerated by the addition of serum. 


The 
It appears from 


Fig. 3 that possum serum was more effective than human serum. 
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Fig. 3. Rate of formation and yield of throm- 
bin in plasma. The reaction mixture con- 
tained 0-015 ml. plasma and 0-15 ml. of a 
suspension in 0-15 M NaCl of an ether extract 
of acetone-dried sheep brain; this suspension 
contained 0:34 mg. organic matter per ml. 
Serum was added as indicated: 


(a) human plasma O--O 
(b) human plasma, 0-005 ml. 

human serum O—oO 
(c) human plasma, 0-005 ml. 

possum serum AA 
(d) possum plasma @---®@ 
(e) possum plasma, 0-005 ml. 

human serum g--- 


(£) possum plasma, 0-005 ml. 
possum serum 

Thrombin was measured with human Ba- 

plasma. The assay procedure was similar to 


that given in Fig. 1. 
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Fig. 4. Comparison of prothrombin accelera- 
tor activity of possum and human Ba-plasma 
on prothrombin isolated from stored human 
plasma. The reaction mixture contained 0-015 
ml. of a citrate eluate of a BaSO, adsorbate of 
stored human plasma. A 6 p.c. suspension of 
human brain in 0-15M NaCl was added. Ad- 
ditions of Ba-plasma were: 

(a) 0-002 ml. possum Ba- 


plasma e--e 
(b) 0-0037 mi. possum Ba- 

plasma +——+ 
(c) 0-01 ml. human Ba-plasma * --- X 


(d) 0-002 ml. human Ba-plasma © --- O 
Thrombin was measured with human Ba- 
plasma. Other experimental conditions were 
similar to those in Fig. 1. Thrombin concen- 
tration is expressed as units per ml. eluate. 
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The concentration of prothrombin in the plasma of the marsupials is given 
in Table 2. 


TABLE 2. 


Prothrombin concentration of marsupial plasma. 
(Units/ml. native plasma) 











Source of test fibrinogen 
Plasma of: 
Human Ba-plasma | Homologous Ba-plasma 

Possum (brush-tailed) 500 [445-585] | 280 [220-390] 

(5) | 3 
Possum (ring-tailed) 560 (1) — 
Wallaby 440 (1) 405 (1) 
Tiger-Cat 365 (1) 300 (1) 








Homologous oxalated plasma and brain thromboplastin were employed. The figures in square 
brackets indicate the range of values observed and those in curved brackets the number of 
individual plasma specimens tested. 


It will be noted that the prothrombin activity was higher when thrombin 
was measured with human Ba-plasma as source of fibrinogen than with homo- 
logous Ba-plasma. Normal human plasma contains 470-720 units of prothrombin 
per ml. of native plasma; it is apparent that the prothrombin concentration of 
the marsupials’ blood was similar to that of normal human blood. The blood 
of the tiger-cat, however, contained only 65 p.c. of the prothrombin concentra- 
tion of normal human blood but this low figure may have been due to the illness 
of the animal. 

Although prothrombin is the precursor of thrombin several additional factors 
are required for the rapid conversion of prothombin into thrombin. One of them 
is prothrombin accelerator (proaccelerin, plasma Ac-globulin, labile factor, 
factor V). The assay of this factor was carried out by measuring its ability 
to accelerate thrombin formation from prothrombin isolated from stored human 
oxalated plasma. Results are given in Fig. 4. 

A comparison of the activity of prothrombin accelerator present in human 
and possum plasma on isolated human prothrombin indicated that possum plasma 
showed approximately five times greater potency than human plasma in the 
conversion of human prothrombin into thrombin. Experiments carried out in 
a one-stage procedure in which either human or possum Ba-plasma was added 
as a source of prothrombin accelerator to diluted human oxalated plasma also 
indicated that the accelerating activity of possum plasma was greater than that 
of human plasma. 

The other factors in addition to prothrombin accelerator represent the pro- 
convertin-convertin complex (SPCA, factor VII, proconvertin, Stuart factor, 
Hageman factor) which is active in serum. Euglobulin fraction of human plasma 
was used to measure proconvertin activity. Results are given in Table 3. 
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TABLE 3. 


Influence of homologous and heterologous serum on the clotting time (sec.) of euglobulin isolated 
from normal human plasma. 





| Experiment A Experiment B 





| 
Human Possum | Human | Possum 
brain brain | brain | brain 
| | 


(brush-tailed) (brush-tailed) 





Euglobulin+0-15M NaCl 24 30 40 41 
Euglobulin+Possum Serum (brush- | 26 14-5 | 35 | 18 


| 
Euglobulin + Human Serum | 23 | 17 20. | 34 
tailed) | 


| 


Technique similar to that in Table 1. Volume of serum or 0-15M NaCl was equal to that of the 
euglobulin preparation. 





The results in Table 3 indicate a greater activity of homologous than of hetero- 
logous convertin. It should be added that experiments similar to those in 
Table 3 were also carried out with the euglobulin fraction of possum plasma, 
but it was observed that it could be activated by homologous Ba-plasma to a 
far greater extent than is the case with human material. This difference in be- 
haviour has not been further investigated. 

Further experiments concerning the activating influence of serum on the 
plasma clotting time are given in Table 4. 


TABLE 4. 


Influence of homologous and heterologous sera on the clotting time of plasma in the presence of possum 
brain. 





Clotting time (sec.) 








Addition 
Possum plasma 
Human plasma (brush-tailed) 
0-15M NaCl | 20-5 | 12 
Human serum 20-5 12 
Possum serum 15 9-5 
} } 





Technique similar to that in Table 1. Volume of serum or 0-15M NaCl added was one-ninth 
of the volume of plasma used in the test. 


It will be noted that possum serum with homologous brain thromboplastin 
showed highest activity, but human serum combined with possum brain had no 
accelerating effect. Possum brain and possum serum had some accelerating 
action on the clotting of human plasma. 

More information concerning the activity of the convertin system was ob- 
tained during the study of the conversion of marsupial prothrombin. 
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Fig. 5. Influence of various sera on rate of Fig. 6. Rate of formation and yield of 
formation and yield of thrombin in marsupial thrombin in diluted marsupial blood. The re- 
plasma. The reaction mixture contained 0-015 action mixture contained 0-04 ml. oxalated 
ml. plasma. A 6 p.c. human brain suspension blood. Possum (brush-tailed) blood, 0 —-O 
was added. and ()——(. Wallaby blood, xX --- x. 

(a) wallaby plasma +—-+ Thrombin was measured with human Ba- 
(b) wallaby plasma, 0-005 ml. plasma. Method according to Fantl (1954b). 
wallaby serum a --8 
(c) wallaby plasma, 0-005 ml. 
human serum e--e 
(d) possum plasma tm % 
(e) possum plasma, 0-010 ml. 
possum serum O---O 


(f) possum plasma, 0-010 ml. 
human serum O--- 
Thrombin was measured with human Ba- 
plasma. Other experimental conditions were 
similar to those in Fig. 1. 


Results in Fig. 5 indicate that thrombin formation in wallaby plasma with 
human brain thromboplastin was delayed, and in the case of possum plasma no 
conversion of prothrombin took place at all. In each case it was, however, pos- 
sible to induce rapid thrombin formation by the addition of serum: curves 
2 =z @ @® O---O O---O. It will be noted that human serum 
showed in each case greater activity than marsupial serum. 

It would appear from the rate of conversion of prothrombin into thrombin 
in systems which contain only homologous material (Fig. 1, curve O O, and 
Fig. 2, curve A A), that proconvertin concentration of marsupial plasma is 
not markedly different from that of human plasma. 

It was mentioned before that thrombin fibrinogen clotting times varied with 
the source of fibrinogen; this was further investigated and the thrombin clotting 
times of marsupial and human plasma are given in Table 5. 

It will be observed that thrombin whether isolated from human or possum 
plasma gave highest activity on human plasma. However, it is apparent that 
there are considerable differences in reactivity of human thrombin towards 
marsupial plasma. Possum plasma showed a very delayed thrombin clotting 
time when compared with that of human plasma which indicated that the same 
amount of thrombin was more than twenty times as effective on human plasma 
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TABLE 5. 
Reactivity of various oxalated plasmas with human and possum thrombin. 





Human Human thrombin Possum | Possum thrombin 





Plasma of: thrombin +Catechol thrombin +Catechol 
Man 2-1 3-3 2-1 3:4 
Possum 
(brush-tailed) <0-1 1-8 0-8 3-4 
Wallaby 0-9 2-5 — — 
Tiger-cat 1-7 2-9 — — 
Domestic fowl <0-05 0-7 <0-1 1-5 














0-2 ml. thrombin preparation (or 0-16 ml. thrombin preparation + 0-04 ml. 0-18 M catechol 
in veronal buffer, pH 7-4) was added to 0-2 ml. plasma and clotting time measured at 28°C. 
The figures are expressed as thrombin units and represent averages of several experiments. A 
number of thrombin preparations of differing potencies were used and the results calculated for 
an activity corresponding to 2-1 thrombin units on human oxalated plasma. 


as on possum plasma. The differences were far smaller in the case of wallaby 
and tiger-cat plasma. The results seem to be significant in the case of possum 
plasma since we had the opportunity to test this reaction with four independent 
specimens. 

It is recognised that the thrombin clotting time depends also on the fibrino- 
gen concentration. The plasma of wallaby contained 200 mg. p.c. and that of 
possum 450-485 mg. p.c. fibrinogen. The plasma of the tiger-cat contained 
1,000 mg. p.c. The first two figures are in the range of normal human plasma. 
The last figure is, of course, very high but this is probably due to a pathological 
process. 

The thrombin clotting times are markedly shortened by the addition of 
catechol and this acceleration is 1-6-fold in the case of human plasma, whereas 
it is greater than ten-fold in possum plasma, human thrombin being used in 
each case. This is taken as evidence that fibrinogen is characteristic of a given 
species and that the specific surface structure is altered by catechol. Human 
fibrinogen is the most reactive towards thrombin, as has been noticed previously 
(Fantl and Ebbels, 1953). Thrombin, independent of the source, reacts accord- 
ing to potency. 

Activities of alpha-prothromboplastin (antihaemophilic factor) and _ beta- 
prothromboplastin (P.T.C., Christmas factor) were determined by their ability 
to correct the deficiency of human plasma completely devoid of alpha- or beta- 
prothromboplastin. Results are given in Table 6. 

It is seen that the addition of 5 p.c. oxalated possum plasma or 5 p.c. 
possum Ba-plasma to alpha-prothromboplastin deficient human plasma produced 
significantly shorter clotting times than the addition of an equal volume of 
normal human plasma. On the other hand, the addition of 5 p.c. oxalated possum 
plasma to beta-prothromboplastin deficient human plasma was less effective than 
the addition of normal human plasma in equal concentration. 




















BLOOD CLOTTING IN MARSUPIALS 217 
TABLE 6. 
Influence of possum and human plasma on clotting time (secs.) on alpha- and beta-prothrombloplastin 
deficient human plasma. 
Addition of: 
Human Plasma —— iad 
| 5% Possum | 5% Normal 

0-15M NaCl | plasma [Human Plasma 

(a) Alpha-prothromboplastin deficient 480 135 250 

(b) Alpha-prothromboplastin deficient 540 120 180 

(c) Beta-prothromboplastin deficient 840 460 285 








To 0-1 ml. deficient human oxalated plasma were added in (a) and (c) 0-1 ml. 5 p.c. oxalated 
test plasma and 0-1 ml. P-lipid (34g. organic matter). In (b) 0-1 ml. 5 p.c. oxalated Ba-test 
plasma and 0-1 ml. 0-15M NaCl were added. In each case 0-1 ml. 0-025M calcium chloride was 
used. Temp 37° C. 


There is no evidence of greater affinity of alpha-prothromboplastin to homo- 
logous than to heterologous blood components. It therefore appears that possum 
plasma has a higher concentration of alpha-prothromboplastin activity than 
human plasma. In contrast, beta-prothromboplastin of possum plasma shows 
considerably lower activity than the human material. 

The efficiency of the blood clotting system of marsupials was compared 
with that of man. The rate of thrombin formation in diluted whole blood was 
measured and the results are shown in Fig. 6. 

It is seen that maximum thrombin formation in diluted whole blood of 
marsupials was obtained in ten to sixteen minutes, the yield being 180-250 units 
per ml. of native blood. From the plasma results (Table 2) it is calculated 
that marsupial blood contains an average of 260 units of prothrombin per ml. 
It is thus evident that the blood of marsupials produces adequate amounts of 
thromboplastin to convert all the plasma prothrombin into thrombin. The com- 
parable figures for normal human blood are 14-19 minutes with a yield of 
130-290 units per ml. of native blood. 

Clotting times of marsupial blood were determined at 37°C. The values 
varied from three to ten minutes which are somewhat shorter than those found 
for normal human blood. 

In the thromboplastin generation test of Biggs and Douglas (1953), as 
modified by Bell and Alton (1954), it was noticed that the interaction of possum 
Ba-plasma with homologous serum and P-lipid gave in 2 minutes a clotting time 
of 6-5 seconds whereas normal human components produced in 4-5 minutes a 
clotting time of 8-5 seconds. 

From these results it is evident that the blood clotting mechanism of mar- 
supials is more efficient than that of man. 

The clot retraction of whole blood specimens of marsupials was positive in 
the majority of cases which indicates platelet activity similar to that of other 
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mammalian blood. Platelet counts in marsupial blood varied from 270-500 x 
10°/mm.*, compared with 150-300 x 10°/mm.* in normal human blood. 

The composition of the euglobulin fraction of possum plasma suggested 
that there may be differences in physicochemical properties between the clotting 
factors of human and marsupial blood. Therefore electrophoresis of possum 
serum was carried out since this might indicate likewise differences in other blood 
proteins. The pattern obtained in moving boundary electrophoresis of the 
serum of brush-tailed possum is shown in Fig. 7, and the mobilities of the 
components are given in Table 7. 
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Fig. 7. Pattern of moving boundary electrophoresis of serum of possum (brush- 
tailed ). 
TABLE 7. 


Mobilities of components of serum of possum (brush-tailed) as determined by moving boundary 
electrophoresis. 





Component No. | | 
(See Fig. 7) i. IT. III. rv. +. VI. Vil. 








Mobility 6-7 5:5 4°6 4-1 3-7 3-2 2-1 
(—1 x 10-5em?*volt—!sec-!) | 





The pattern of possum serum shows differences from that of normal man, 
as a comparison with patterns obtained by Berry and Chanutin (1955) indicates. 

Further, paper electrophoresis of human, possum, wallaby and _tiger-cat 
sera was carried out and the protein distributions given in Table 8 were found. 








TABLE 8. 
Distribution (percentage) of proteins in human and marsupial sera as determined by paper electro- 
phoresis. 

Man Possum Wallaby Tiger-cat 

(2) (3) (1) | (1) 
Albumin 49 48 36 | 32 
a,-Globulin 8 17 
a4-Globulin 13 5 24 18 
B-Globulin ll 14 19 34 
y-Globulin 19 16 21 16 














Figures in brackets are the numbers of independent specimens. 
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The total protein concentrations (6-25 X N determined by Kjeldahl tech- 
nique) of possum sera were 5-1, 5-8 and 7-6 gm. p.c. respectively, with non- 
protein N concentrations of 36, 34 and 19 mg. p.c. The total protein concen- 
trations (determined by the copper sulphate specific gravity method of Phillips 
et al., 1943) of the tiger-cat and wallaby sera were 6-7 and 5-6 gm. p.c. respec- 
tively. 

The results in Table 8 were calculated on the basis of the conventional 
nomenclature of human serum protein components, and on the assumption that 
similar positions of components of the electrophoretic pattern correspond to 
similar proteins. It appears that possum serum has a considerably higher ratio 
of a;- to a2-globulins than that of man. 

The smooth muscle contracting activity—vasoconstrictor—of platelets which 
is released during the clotting process was measured in the serum of brush-tailed 
possum and tiger-cat. The values for possum serum, expressed as 5-hydroxy- 
tryptamine, varied from 0-28 to 0-54 ug. per ml. (3 animals), and for tiger-cat 
serum 0-08 + 0-015 yg. per ml. was found (1 animal). The range for normal 
human serum is 0-05-0-20 ng. per ml. The addition of lysergic acid diethylamide 
(LSD) as a specific antagonist of 5-hydroxytryptamine (Gaddum, 1953) com- 
pletely abolished the response of the rat colon to 5-hydroxytryptamine, but 
when the colon was treated with LSD, the activity of serum of possum, tiger-cat 
or man, was reduced to a residual value of approximately 10 p.c. 


DISCUSSION. 


From the presented experiments it is evident that marsupial blood contains 
all the clotting factors which have been recognised in the blood of other mam- 
mals. However, it is equally clear that a particular factor shows considerable 
differences in activity in the blood of various species. 

It is characteristic for many species that brain thromboplastin gives with 
the homologous plasma shorter clotting times than with heterologous plasma. 
This is also true for marsupial components with the limitation that possum 
brain thromboplastin gave with other marsupial plasmas the same clotting time 
as with possum plasma. This might indicate a very close biological relationship 
among the investigated marsupials. 

Human brain thromboplastin gave a long clotting time (20-44 secs.) with 
marsupial plasma, and this was still longer (> 60 secs.) with fowl plasma; mar- 
supial brain thomboplastin gave a long clotting time (18-36 secs.) with human 
plasma, and gave a similar clotting time (36 secs.) on fowl plasma. Finally, 
fowl brain thromboplastin gave a very long clotting time (> 60 secs.), with 
human plasma and a long clotting time (29 secs.) with marsupial plasma. These 
facts suggest that if brain thromboplastins are grouped in the order, bird, mar- 
supial, man, reactivity with plasma is only observed in two neighbouring species. 
These results were obtained with a one-stage procedure. Since some reactivity 
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was observed with heterologous combinations, it seemed that there is no abso- 
lute species specificity among the brain thromboplastins, and the differences are 
partly due to different reaction rates. In an assay procedure human brain showed 
low activity with marsupial plasma and none with fowl plasma, but possum 
brain thromboplastin showed high activity with the human prothrombin complex. 
The lack of species specificity of the marsupial brain thromboplastin in contrast 
to that of man may be due to the simpler structure of the marsupial thrombo- 
plastin which shows affinity to the heterologous as well as the homologous pro- 
thrombin complex, whereas the more complex structure of the human brain 
thromboplastin cannot fit the marsupial prothrombin complex. This argument, 
however, does not apply to fowl brain thromboplastin, which had very little 
activity on human plasma. This would support the central position of marsupial 
brain thromboplastin. The high activity of marsupial brain thromboplastin for 
the human prothrombin complex is only apparent in the assay procedure (Fig. 
2), but not in the one-stage test (Table 1). Other factors have to be consid- 
ered in this connection, namely, those present in the proconvertin complex and 
prothrombin accelerator. These are essential for conversion of prothrombin in 
both techniques. Proconvertin shows greater activity with homologous than 
with heterologous brain, but this is not a case of absolute species specificity. 
Hence in the assay procedure, in which the prothrombin conversion takes longer 
than in the one-stage test, there is sufficient time for proconvertin to act. This 
seems to be an acceptable explanation because it could be shown that the: 
activity of marsupial brain thromboplastin was not due to contamination with 
proconvertin. In contrast to proconvertin, prothrombin accelerator in marsupial 
plasma did not show species specificity. In fact prothrombin accelerator of 
marsupial plasma was considerably more active with human prothrombin and 
human brain thromboplastin than was human prothrombin accelerator. 
Activation of the prothrombin complex was also carried out with P-lipids. 
The rate of thrombin formation was greater with marsupial than with human 
plasma. The mechanism of P-lipid action is different from that of tissue throm- 
boplastin. In the case of P-lipids the plasma thromboplastin precursors have 
to be present since P-lipids are not a complete thromboplastin. This is first 
formed from the thromboplastin precursors whereas tissue thromboplastin can 
act without a lag period with the prothrombin complex. The greater rate of 
thrombin formation in marsupial plasma in the presence of P-lipids is therefore 
mainly due to a very active marsupial plasma thromboplastin complex. In 
experiments in which serum was added to the clotting system it was noted that 
serum homologous to brain thromboplastin gave the shortest clotting time. These 
experiments are comparable to those of Burstein (1950) and Mann and Hurn 
(1952) in which it was found that serum combined with homologous brain 
thromboplastin had greater activity than heterologous serum. This indicates 
a marked species specificity of the serum component in the clotting process. 
Separation of the serum factors, which here are collectively called proconvertin- 
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convertin complex, was not attempted. It cannot therefore be stated which 
particular component was responsible for the species specificity. 

Because of the differences in reaction rates between homologous and hetero- 
logous systems, it is obvious that quantitative results for a given clotting factor 
can only be obtained with systems which consist of homologous components 
only. An exception to this statement seems to be the thrombin fibrinogen re- 
action. Although thrombin isolated from possum plasma showed greater reactiv- 
ity with human plasma than with homologous plasma, it is nevertheless peculiar 
that the difference is not nearly so marked as the reactivity of human thrombin 
towards the two species. Whether possum thrombin contains accelerating factors 
has not been determined. 

It is recognised that the thrombin clotting time depends also on the fibrino- 
gen concentration. In the possum and wallaby plasma it was in the same range 
as that of normal human plasma. It is therefore interesting that human thrombin 
showed marked difference in reactivity towards the two marsupial plasmas. The 
results obtained with the plasma of the tiger-cat may have been due to the 
excessively high concentration of fibrinogen in the plasma of that animal. The 
rarity of marsupials has prevented us from carrying out a more detailed investi- 
gation of this phenomenon, but if confirmed in a larger series it would indicate 
that fibrinogen has a more characteristic configuration than any other clotting 
component of blood. 

A comparison of the concentration of the clotting factors in the blood of 
marsupials and man shows that alpha-prothromboplastin and prothrombin 
accelerator of marsupial blood have a greater activity in heterologous clotting 
systems than in homologous ones. It is difficult to understand why these com- 
pounds should show greater affinity to foreign clotting components than to their 
own. It is therefore likely that they are present in higher concentration in 
marsupial blood than in the blood of man. In contrast to alpha-prothrombo- 
plastin, beta-prothromboplastin of possum blood showed less activity than the 
corresponding human factor when tested on human deficient blood. It cannot 
be decided whether this is due to species specificity or lower concentration of 
this clotting component in marsupial blood. 

A bleeding tendency may occur if any one of the clotting factors is reduced 
to less than 25 p.c. of the normal concentration. A thromboplastin generation 
test with plasma and serum components of possum indicated faster production 
of plasma thromboplastin, and also higher concentration, than in human plasma, 
which shows that the apparently reduced beta-prothromboplastin activity (as 
noticed above) is still in the normal range. The higher activity of alpha-pro- 
thromboplastin of possum blood when tested on human deficient plasma is 
remarkable because Richards and Spaet (1956) have shown that human alpha- 
prothromboplastin will produce specific antibodies in rabbits. Apparently the 
serological specificity is not linked to the same groups of the molecule as those 
required for thromboplastin formation. 
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Prothrombin concentration of marsupial plasma was found to be similar to 
that of human plasma. 

From experiments in which activities of euglobulin fractions of man and 
possum plasma were compared, it appeared that the composition of the two 
preparations was not identical. This indicated that the physico-chemical pro- 
perties of prothrombin accelerator of these two species differ. 

Platelets are present in marsupial blood in the same or even higher concen- 
tration than in human blood, and as far as activities are concerned no differences 
between the platelets of the two sources were detected. The bulk of the smooth 
muscle contracting activity of marsupial serum was due to 5-hydroxytryptamine 
since the effect on the isolated rat colon was greatly reduced by lysergic acid 
diethylamide (LSD). However, it was consistently observed that a residual 
activity remained. Similar observations have been made by Humphrey and 
Jaques (1954) with platelet extracts of guinea-pig, ferret, cat, rabbit and man 
using tryptamine as an antagonist of 5-hydroxytryptamine on the isolated guinea- 
pig ileum, and by Brocklehurst (1954) using LSD as antagonist. 


SUMMARY. 


The blood of several Australian marsupials contains all the clotting factors 
which have been recognised in the blood of other mammals. 

In a one-stage technique marsupial brain extract conforms to the general rule 
that thromboplastin shows greatest activity when reacting with homologous 
plasma. 

On the other hand, in an assay procedure marsupial brain thromboplastin 
reacts with marsupial and human prothrombin complex. 

Brain thromboplastin of domestic fowl has some activity with the pro- 
thrombin complex of marsupial blood but none with that of man. 

The prothrombin concentration of marsupial blood is similar to that of man. 

Prothrombin accelerator (proaccelerin) and alpha-prothromboplastin (anti- 
haemophilic factor) are not species specific and are present in higher concen- 
tration in marsupial plasma than in human plasma. 

The correcting effect of marsupial plasma on human beta-prothromboplastin 
deficient plasma (P.T.C. deficiency, Christmas disease) is less than that of 
normal human plasma. 

The proconvertin-convertin complex of plasma and serum shows marked 
species specificity. 

The fibrinogen concentration of marsupial plasma is similar to that of 
human plasma. 

Thrombin, independent of source, gives shorter clotting times with human 
plasma than with marsupial plasma. 

Platelet activity is similar in marsupial and human blood. 

Marsupial serum contains 5-hydroxytryptamine and an unknown smooth 
muscle contracting compound(s). 
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The clotting system of marsupial blood is more efficient than that of human 
blood. 


The electrophoretic pattern of marsupial serum differs from that of human 
serum. 

Species characteristics and biological relations of brain thromboplastins are 
pointed out. 
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One of the classical problems of virology is the production of “fixed” aviru- 
lent strains which no longer have the capacity to revert to virulence. This is 
clearly a problem in genetics, but no genetic investigation of any such system 
in the field of animal viruses has yet been reported. It was therefore of con- 
siderable interest to find a mutant of the influenza strain MEL which was com- 
pletely avirulent, but readily produced offspring that had the full virulence of 
the parent strain. This has provided a controllable system for the study of 
virulence from the genetic angle. It is recognised that the mutant in question 
is an unusual type, but this may not detract from the importance of its behaviour 
as a clue to the nature of virulence in influenza viruses. 

The strain, M+d, was obtained in the course of titration of a fluid from a de- 
embryonated egg inoculated with the strain M+ and subsequently treated with 
anti-MEL immune serum. The aim of the experiment had been to obtain sero- 
resistant variants. None such were isolated, but one virus fluid was retained 
for study because of its anomalous behaviour towards mucoid inhibitors. Un- 
like any other derivative of the strain MEL the haemagglutinin of this fluid was 
inhibited by high dilutions of sheep salivary gland mucoid. Further study 
showed that, on passage at limit infecting dilution, it yielded fluids of the same 
quality, but that under a variety of circumstances it gave rise to descendant 
fluids with all the characteristics of the original parent strain M+. This paper 
is concerned with the differences between M+ and the variant M+d and the 
conditions under which M+d gives M+ progeny. 


MATERIALS AND METHODS. 


Virus Strains: The strains M+ and WS— were originally derived by recombination be- 
tween the influenza type A strains MEL and WSE (Burnet and Lind, 1952) and both have 
been used in much previous work (see Burnet, 1955). Fifth limit dilution passage material 
of each strain was used as stock. The other virus strains used were our laboratory stocks of 
the standard type A strain, PR8, and the standard type B strain, LEE. 
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Canberra. 
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Haemagglutinin (HA) Titrations: For the most part the various technical manipulations 
involving growth of virus in the allantoic cavity, haemagglutination and inhibition of haemag- 
glutination by sera or mucoids, were identical with those described in numerous earlier papers 
(see Lind and Burnet, 1957). Only technical points specially relevant to the present work 
will be mentioned. 

The anti-MEL serum used in all in vitro work had been absorbed with WS type virus 
according to the method of Edney and Lim (1954). 

Stock sheep salivary mucoid solution was in the form of a 10 p.c. extract in saline of 
sheep submandibular salivary glands, to which an equal volume of glycerol had been added. 
This was stored in the cold and diluted as required in saline. 

Characterization of virus fluids: The tests used to distinguish the virus strains described 
in this series of experiments are as follow: 

Aa Serological type. This character was originally used to distinguish MEL (A) and 
WSE (a) type strains and the recombinant strains derived from them (Burnet and Lind, 
1952). It was tested by means of haemagglutinin inhibition tests. M-+d and M+ are 
serologically identical with MEL and are therefore of character A. 

Bb Heat resistance of the haemagglutinin. Samples of virus fluid, without adjustment 
of pH, were heated at 54° C. and 56° C for 30 minutes. The haemagglutinin of M+ was 
only slightly reduced by heating at 56° C. and this character was termed B. M+d haemag- 
glutinin was destroyed at 56° C. but survived heating at 54° C., and this character was 
designated b. 

Cc Conversion to indicator. When certain viruses are heated to temperatures between 
52° C. and 56° C. for 30 minutes they are converted to the indicator state, i.e. their haemag- 
glutinin becomes susceptible to inhibition by high dilutions of a number of soluble mucoids 
(see Burnet, 195la). Viruses which are converted to indicators under these conditions were 
given the symbol c, those which are not, the symbol C. In these experiments semi-purified 
meconium (Curtain, French and Pye, 1953) was used as haemagglutinin inhibitor and the 
titration method of Burnet (1948) was followed. 

Dd Inhibition of haemagglutinin by sheep mucoid. Viruses whose haemagglutinin, after 
heating at 52-56° C., was inhibited by sheep salivary gland mucoid were designated d. Those 
whose haemagglutinin was not inhibited under these conditions were designated D. 

Ee Invasiveness for the chick embryo. Certain virus strains, including M+, have the 
capacity, when inoculated onto the chorioallantoic membrane of chick embryos, of killing 
the embryo within 3-4 days with the production of multiple haemorrhagic lesions. This 
character was given the symbol e. Strains which lack this capacity were designated E. 

Method: The virus inoculum was diluted in normal horse serum saline (NHSS) to a 
haemagglutinin titre of 1, i.e. 1 agglutinating dose or AD and 0-05 ml. placed on the chorio- 
allantois of each of a group of 12 day chick embryos. Dead eggs were examined after 3 
days’ incubation and all remaining eggs opened after 4 days. The lesions were assessed as 
follows: Death on the 3rd day scored 2, on the 4th day, 1. Haemorrhagic lesions in 
the brain, muscles and lungs were graded 0-3 and in heart and spleen 0-2, making a total 
possible score of 15. Scores of 2 or less were regarded as negative. 

FF’f Pathogenicity for mouse lung. Those viruses which, when inoculated intranasally 
into anaesthetised adult mice at a dilution of 1 AD, produce no lung lesions whatever within 
the following 7 days were designated F’. The symbol F was given to those strains which 
fail to kill mice under these conditions but which produce lesions covering less than half 
the total area of the mouse lung. Viruses which kill mice with complete lung consolidation 
within 7 days were designated f. 

The results were determined as follows: Death on the 5th day or earlier scored 5, on the 
6th day 4-5, and on the 7th day 4. Living mice were killed on the 7th day and the lung 
lesions scored 0-3-9 according to the degree of consolidation. 
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Growth of virus in the de-embryonated egg (DEE). The method used was based on 
that described by Burnet and Lind (1954). A circular cap of shell was removed from the 
end opposite the air space of 12-15-day-old chick embryos and the entire contents of the 
egg removed, except the portion of chorio-allantoic membrane lining the shell and air space. 
After thorough washing, the eggs were filled with 5 ml. of virus diluted in Ringer’s solution 
containing 0-1 p.c. glucose and antibiotics or, in certain cases, with this diluent alone. The 
eggs were capped and fastened to a turntable rotating at an angle of 15° in an incubator 
held at 37° C. The various procedures to which the eggs were subjected during the ensuing 
incubation period are described in the text. 


EXPERIMENTAL. 
Characteristics of the strain M+d. 


This strain is relatively slow growing in the allantoic cavity and fluids are 
normally harvested after 3 days’ incubation. The following are the characters 
of the virus in the form of a 3-day allantoic fluid obtained at limit infecting 
dilution. 


In vitro characteristics. 


The HA titre is in the range of 160-1200 and infectivity by allantoic inocula- 
tion is in the normal range, the EID;./HA ratio being slightly below 10°. The 
pattern of haemagglutination with fowl cells is distinctly weak, the initial shield 
of cell aggregates slipping readily to the bottom of the tube. The haemagglu- 
tinin is neutralized by anti-MEL serum to a higher titre than is shown against 
the homologous virus. It is also neutralized to a greater extent than M+ by 
other influenza anti-sera. These points are shown in Table 1 which gives the 
results with our standard anti-MEL rabbit serum which has been absorbed with 
anti-WSE virus and with an unabsorbed anti-serum against PR8 which is not 
very distantly related to MEL. 








TABLE 1. 

Serological reactions of the M +d strain. 

| 
Virus | anti-MEL serum anti-PR8 serum 
M+ 2400 300 
M+d 4000 1600 
PR8 300 9600 

} 








Values shown are the reciprocals of the highest dilutions of sera which will neutralize 5 
agglutinating doses of virus. 


The heat resistance of the haemagglutinin is distinctly less than that shown 
by M+. On heating at 55° C. there is a rapid initial fall of titre to between 10 
p.c. and 20 p.c. of the original in 15 minutes, followed by a much slower fall. 
A comparison of M+ and M-+d is shown in Fig. 1. 
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In general, heating to 56° C. for 30 
TIME OF EXPOSURE TO 55°C. minutes, which has been the standard 
o.._.& = method of treatment for testing de- 
velopment of indicator state, com- 
pletely destroys the haemagglutinin 
of M+d strains while leaving that of 

M+ strains only slightly reduced. 
With virus heated to 54° C. for 30 
minutes M-+d is sensitive to inhibition 
by any of the mucoid inhibitors, in- 
cluding sheep mucin. This differen- 
tiates it sharply from any other deriva- 
' tive of MEL. As was pointed out some 
Fig. 1. Fall in HA titres of M+ and M+a Years ago by Stone (1949a) MEL 
strains on heating at 55° C. haemagglutinin, however treated, 
---M+ —M+d never becomes susceptible to inhibi- 

tion by sheep mucin. 

M-+d is highly sensitive to inhibition by sheep mucin even when unheated. 
If its haemagglutinin is titrated using dilutions made in sheep mucin 1 : 200, the 
titre shown is 1 p.c., or less, of that given in saline dilutions. This provides a 
convenient way of detecting whether reversion to M+ has occurred in any given 
fluid. There is no demonstrable effect of dilute sheep mucin solutions in 
diminishing the infectivity of M+d as judged by allantoic titrations. 

The in vitro qualities of M+d then differ in several ways from those of 
M+ and, if we use our standard nomenclature for these qualities (see Methods), 
M+ is ABD-c and M+d is Abd-c. The outstanding change is to the quality d 
(sensitivity of haemagglutinin to inhibition by sheep mucin) and we have there- 
fore called the strain M+d. 








% REDUCTION OF HA TITRE 








Virulence. 


The parent strain M+ is highly pathogenic for the chick embryo by chorio- 
allantoic inoculation killing in 3-4 days with haemorrhagic lesions in brain, 
muscles and other organs (character e). In mice the intranasal inoculation of 
virus diluted to 1 AD level never kills but regularly produces partial consolida- 
tion, about half the surface of the lung being involved (character F). By con- 
trast the virulence of the strain M+d for mice and chick embryos when tested 
by the same methods is zero. The mouse lungs examined after one week are 
completely free from lesions (character F!) and chick embryos survive 4 days’ 
incubation and are of normal appearance (character E). It is noteworthy, 
however, that well-marked pocks are seen on the chorio-allantois. Owing to 
the fact that embryos similarly inoculated with M+ are mostly dead on the 3rd 
day after inoculation, it is impossible to say whether or not M+d has equivalent 
pock-producing capacity to M+. It is certainly much greater than that shown 
by MEL. 
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In summary, the relationship of M+d to M+ can be expressed as follows: 
M+d_ AbdF’ - cE 
M+ ABDF -ce 


Since the strain grows satisfactorily, although slowly, in the allantoic cavity 
it must be credited with virulence for allantoic cells. The level, however, is 
much lower than that of M+ and this can be shown very clearly in the de- 
embryonated egg (DEE). Irrespective of dose, we have never obtained a 
haemagglutinin titre above 8 in DEE incubated for 24 hours following inocu- 
lation with M+d, and in most no haemagglutinin was detectable. In most 
instances, subculture of such fluids showed M+ to be the dominant type. This 
has the implication to be discussed later that M+d is an effective interfering 
agent against M+. 


Additional in vitro qualities. 


In addition to the six characteristics already described, some other qualities 
of M+d may be mentioned. 

Burnet, McCrea and Stone (1946) have shown that viruses can be placed 
in linear order according to the sequence with which red cells treated with 
viruses, or the receptor destroying enzyme of V. cholerae (RDE), lose ability 
to be agglutinated by the viruses. The most convenient test for the position of 
a virus in the “receptor gradient” is to test it, together with standard viruses, on 
fowl cells treated with RDE. 

Fowl cells treated with diminishing amounts of RDE according to the 
method described by Isaacs and Edney (1951) were tested against 5 AD of 
several virus strains with the results shown in Table 2. M-+d is seen to be very 
early in the gradient, minimal action of RDE rendering cells insusceptible to 
its action. 

Enzymic activity of M+ and M+d was measured by Stone’s (1949b) 
method of determining the highest dilution of virus capable of destroying the 


TABLE 2. 
Position of M +d in the receptor gradient. 















































Amount | Fowl cells treated with units of RDE shown 
Virus virus | 
added | 
(A.D.) | 40] 20] 10] 5 | 2-5 1-2 | 0-6 | 0-3 | 0-15 | 0-08 | 0-04 
Leo (typeB) 895 |—|—|—| 4) ++] ++] ++] 4+4+/ 44+] 44+] ++ 
PR8 6 =—f<|-i— - = - = TT | ++ | ++ 
MEL 4 a5 af ee ee - _ - + ee 1 eS 1 > 
M+ 5 all Wiedt Maced Since - — - = TT | +4 1 ++ 
M+d 5 —-/|}-/|;-|/- _ _ _ _ _ = — 
— = no agglutination 
+ = weak agglutination 
+ = approximately 50 p.c. of cells agglutinated 
++ = full agglutination 
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haemagglutinin-inhibitory property of a standard dose of meconium. M+d was 


found to be less active than M+. 


When sheep mucin was substituted for 


meconium, M-+d had no effect on the inhibitory action against either the standard 
indicator strain heated LEE or unheated M+d. A virus with active enzymic 


action against sheep mucin (WSE) was included as a control. 


It is noteworthy 


that this had no demonstrable action on the inhibitory power of the mucin against 


M-+d although quite active with the standard indicator. 


summarized in Table 3. 


TABLE 3. 


These results are 


Enzymic action of viruses M+, M-+d and WSE on inhibitory mucoids as tested by Stone’s method. 











Meconium 5 1.D.1 | Indicator Titre of Sheep salivary | Indicator Titre of 
treated with strain enzyme action mucin 5 1.D.3 strain | enzyme action 
M+ (500) LEE 160 M+ (500) LEE | <2 

M+d 80 M+d <2 

M+d (320) LEE 10 M-+d (320) LEE <2 
M+d <2 

M+d 160 WSE (500) LEE | 4 

M+d | <2 














HA titres shown in brackets against viruses used for treatment of mucoid. Indicators LEE 
heated 56° 30! 5 A.D. M+d unheated 5 A.D. 


1 § I.D.: 5 inhibitory doses. 


M-+d is not inactivated in ovo by solutions of sheep salivary mucin. When 
tested with an anti-MEL rabbit serum by allantoic inoculation M+d was neutra- 
lized in normal fashion (see Table 4). 


TABLE 4. 


In ovo titration of M +d in various diluents. 

















Diluent 
Dilution 
inoculated 
NHSS Anti-MEL/32 Anti-MEL/10 
10-* 0/7 
10-* 3/7 
10-7 6/7 
10-¢ 6/62 0/7 
10-5 4/7 
10-4 5/7 2/7 
10-3 4/7 1/7 
10-3 7/7 4/7 
10-1 3/7 
EID so 107-8 104-5 102-° 











1 One M+ fluid found at this dilution; all others were M+d. 


















VIRUS MUTATION 231 





Points of interest are that the “neutralization curve” has the typical steep 
slope (5-0) of influenza virus neutralization in this situation (Burnet, 1943) and 
that no M+ fluids were obtained amongst the positive fluids from immune- 
serum/virus mixtures. 


Reversion of M+d to M+ in ovo. 


It was soon found that on passage of M+d, fluids with the character of M+ 
were occasionally obtained. The possibility of this being due to initial con- 
tamination with the strain was excluded by the use of limit dilution (L.D.) 
passage. The strain has now been passed 12 times using only dilutions 10-", 
10-§ and 10~-°, and continuing passage from a fluid obtained from the highest 
positive dilution. At each generation 3 fluids have been characterized as M+d 
and no M+ strains were obtained. For reasons discussed elsewhere ( Burnet, 
195lb) one can be satisfied that after two such passages the strain can be 
accepted as pure in the conventional sense. 

It has not yet been possible to define the conditions under which reversion 
to M+ occurs, beyond showing that a few passages at low dilution will always 
allow its appearance. 

We may take a fluid obtained at limit infecting dilution (L.D. fluid) of the 
third passage of M+d as the first example. Allantoic titration gave an end point 
of 10° at which dilution two of the four inoculated eggs were positive and gave 
M-+d reactions. Passage at 10~° dilution gave a pool of positive fluids which 


TABLE 6. 
Appearance and character of derivative M +- strains from 3rd LD passage M +d. 





Characteristics of fluids obtained by LD passage of 


Type of virus obtained 
2nd low dilution passage material and of controls 

















| 
Method of | 
Passage | l l 
| Invitro | Chick embryo | Mouse lung 
Ist pass | 2nd pass | HA | characters | pathogenicity’ | pathogenicity’ | Type 
moe 
10-*allantoicl M+ | 1M+ | 1200| ADc | 6 0-8 M+ 
passage in | | | 
NHSS 
10-?allantoic! M+d_ | M+ 2000 | AD-c 7 0-9 M+ 
passage 
in sheep | 
mucin/10 | 
Chorio- M+ M+ 1000 | AD-c 6 0-9 M+ 
allantoic 
passage 
| Controls 
4th LD passage M+d 2000 | Ad-c 0 0 M+d 
Stock M+ 800 AD-c 6 2-1 M+ 




















1 Scoring conventions for assessing chick embryo pathogenicity and mouse lung pathogenicity 
are described under Methods. 








232 F. M. BURNET anp PATRICIA E. LIND 


had M+ qualities in vitro. One further passage at 10—? was followed by a full 
titration yielding L.D. fluids with M+ characters. Another passage series was 
made using sheep mucin/10 as diluent. This showed the appearance of M+ 
characters after two passages and isolation of L.D. fluids showed the full M+ 
character. With chorio-allantoic passage, inoculating virus diluted to a titre 
of 1 AD, one of four embryos inoculated with the original material showed 
generalized haemorrhagic lesions. Virus from the embryo lung passed to four 
more embryos by the chorio-allantoic route killed all four with typical M+ type 
lesions, and a limit dilution titration gave a fluid with full M+ properties. 

Subsequent experience indicated that this particular third L.D. passage 
fluid gave M+ more readily than some other fluids. A fifth L.D. passage fluid 
was also investigated. This fluid was serially diluted from 10~-* to 10-° and 
each dilution was inoculated into 5 11-day-old chick embryos. 

The HA titres of all positive fluids were determined, using both saline and 
a 1: 200 dilution of sheep mucin as diluents. All were inhibited by sheep 
mucin, indicating that no substantial proportion of M+ was present in any. 
Each positive fluid was then diluted 1: 100 and inoculated allantoically into 
two embryos. After three days’ incubation the harvest was similarly tested for 
the presence of M+ and this was found in allantoic fluids from two of the 
embryos. The results are shown in Table 6. 

A third example, this time from a 10th L.D. passage fluid of M+d, provides 
an additional point of interest. In this titration M+ fluids of abnormatly low 
HA titre (25 and 15 respectively) appeared at or near limit infecting dilution, 
after three days’ incubation. In other respects the primary titration was normal 











TABLE 6. 
Reversion to M + of 5th L.D. passage M +d. 
Primary titration 
Subinoculations 
Dilution 
inoculated Yield 
10-8 - - -- Per ae est ue -5e oe de 
10-7 - + = = = + + ae “aa 
10-¢ + _ + + + + + M* + 
10-5 + + + + + + + M* + + 
10-4 + + + + — + + + + aie. ay 
10-3 + + + + + + + + + + 











+ = positive haemagglutination of M+d type. 

— = no haemagglutination. 

‘ . = not done. 

M* = positive haemagglutination of M+ type. From one fluid of each pair marked M* 
limit dilution titration allowed the isolation of typical M+. 

Under primary titration each symbol represents the result obtained with one embryo; under 
subinoculations each symbol indicates the result of inoculating two embryos from the fluid 
occupying the corresponding place in the first column. 
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in showing M+d type fluids at all dilutions with one other M+ fluid of normal 
HA titre (320) at 10-*. Each of the M+d fluids was subcultured to two 
embryos at a dilution of 10—? with the result that 12 gave either one or two allan- 
toic fluids at M+ character and ten gave two fluids of M+d character. Each 
pair of these latter fluids was pooled and the ten pools each subcultured in the 
same way; all yielded virus M+ type. The results are shown in Table 7 and 
add further support to the finding that two low dilution passages (at 10-2) 
suffice to demonstrate reversion of M+d to M+ even in the case of M+d fluids 
which have been maintained for many passages by limit dilution titrations. 























TABLE,7. 
Reversion to M + of 10th LD passage M +d. 
Primary Titration 
lst Subinoculation at 2nd Subinoculation at 
10-? dilution 10-? dilution 
Dilution 
Inoculated Yield 
10-8 + —M!-—- —-—-—-—-—--— oa M M 
ind M?*§+—--—-++++ 
10-6 ++++4+ +M™MMM a 
10-5 — — + +- YY wee eee eC tii it MM 
10-4 +++ — M + M.... — Pg 
10-3 +++ + +M4+ + M... MM 
10-2 M?*+ + + M+MM ~ oe 
10-! —-++++ ee M 
1 HA titre 25. 2? HA titre 15. 3 HA titre 320. 
+ = positive haemagglutination of M+d type. 


M 


oui 


positive haemagglutination of M+ type, 
no haemagglutination. 


Under primary titration each symbol represents the result obtained with one embryo. 


Under Ist subinoculation each symbol indicates the result of inoculating two embryos with 
allantoic fluid from the embryo occupying the corresponding place in the first column. 


Under 2nd subinoculation each symbol indicates the result of inoculating two embryos 
with a pool of allantoic fluids from the embryos occupying the corresponding place in the previous 
column. 


Two M+ fluids from each of these experiments were tested for virulence in mice 
and chick embryos. All gave the reactions characteristic of M+. 


Reversion in the de-embryonated egg. 


In attempts to use the standard DEE technique for recombination between 
M-+d and WS—, it at once became evident that M+d would not multiply ade- 
quately under these conditions. In a variety of experiments it was found that 
the virus was taken up normally, but that after 22-24 hours’ incubation under 
standard conditions no haemagglutinin was detectable. Furthermore, in all 
experiments in which the harvest from the DEE was titrated in intact embryos 
M+ was isolated, usually alone, sometimes with M+d. 
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Very similar results were obtained when the M+d was allowed to multiply 
in the allantoic cavity overnight before the eggs were de-embryonated. The 
following results, shown in Table 8, are taken from an experiment in which 
M-+d was inoculated into the allantoic cavity, the eggs de-embryonated 18 hours 
later and then incubated on a turntable at 37° C. with WS— or diluent alone. 


TABLE 8. 
Recombination experiment with M+d and WS — 





Inocula for DEE 24 hour harvests from DEE 








| | 
Infectivity titrations 














Before | After 
de-embryonation| de-embryonation | HA titres | 
Diluent | Titre 
M+d0-1ml. 10° Diluent | <l NHSS M+ 105° 
18 hours | | <1 
M+d0-1 ml. 10% WS — 5ml. 10-2 <2 | anti-WS/10 | 10°? M+, M+, M+, — 
18 hours 1 hour 4 | 10-2? MEL, M+d, -, — 
160 | anti-WS/10 | 10-* — — — — 
160 | 10-? M+d, — — — 
| | 10-2? M+, M+, M+, — 
Nil WS— 5ml. 10-? 140 
1 hour 220 
220 
320 











Table 8 shows first that M+d alone gave rise to virus dominantly of M+ type, 
in amount just under what could be recognised by haemagglutination. Secondly, 
two of the four eggs pre-treated with M+d have developed a high degree of 
resistance to subsequent multiplication of WS—. Finally, in the presence of 
anti-WS serum the harvests from the doubly infected DEE show a dominance 
of M+ and one MEL recombinant. This strain was titrated to limit infecting 
dilution and shown to be a typical MEL strain, ie. ABDF-CE (Lind and Bur- 
net, 1953). It is highly probable therefore that the sequence of events was, 
first, reversion to M+ and, then, interaction of this strain with WS— to give 
the MEL recombinant. Other experiments also failed to give recombinants with 
any of the features of M+d. 


In a similar experiment the WS— component was replaced by M+. This 
allowed a clear demonstration that, if a large dose (0-1 ml. of undiluted fluid) 
of M+d were given 18 hours before de-embryonation, growth of M+ subse- 
quently added was greatly reduced. If M+d diluted 1 : 10 were used the effect 
was irregular. The results are shown in Table 9. 
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TABLE 9. 
Interference by M +d with subsequent growth of M+ in DEE. 





Inocula for DEE HA titres of 24 hr. harvests from DEE 























Before After ; In Sheep Mucin 
de-embryonation | de-embryonation In saline 1 ; 200 
M+d 0-1 ml. 10° | M+ 5 ml. 10-6 20 <5 
18 hours 1 hour 12 5 
80 80 
3 3 
55 60 
M-+d 0-1 ml. 107! | M+ 5 ml. 10-1-¢ 400 200 
18 hours 1 hour 40 15 
4 <2 
3 3 
200 160 
M+d 0-1 ml. 10° | Diluent 8 2 
18 hours <l 
4 4 
| 5 5 
<i 
M-+d 0-1 ml. 10-! Diluent <l 
<l 
2 2 
<l 
7 8 
Nil M+ 5 ml. 10-1-¢ 160 160 
1 hour 180 200 
| 160 200 
| 200 200 








The results of passing M+d at high and low dilution and in DEE suggested 
that its tendency to revert to M+ was more readily shown when the conditions 
for virus multiplication were somewhat unfavourable. Such conditions would 
appear to hinder the slower growing, less virulent M+d and favour the more 
rapidly growing M+ type. To extend the information available on this point 
the following experiment was carried out. Tenth LD passage M+d was diluted 
to 10-7 and 10-8 and 0-05 ml. amounts of each dilution inoculated allantoically 
into 12 chick embryos. The eggs were incubated for 40 hours when six eggs 
in each group were de-embryonated and incubated on a turntable at 37° C. 
for a further 24 hours, while the incubation of the remaining whole eggs was 
continued until the third day after inoculation in the usual way. Both DEE 
and whole eggs were harvested and titrated for haemagglutinin in both saline 
and sheep mucin. Positive harvests were diluted to 1 AD titre and passed 
allantoically. Negative harvests from DEE were passed undiluted. 

It can be seen from Table 10 that under these conditions all positive whole 
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eggs yielded M+d. All positive DEE, on the other hand, with one exception, 
yielded M+. The one M+d strain obtained from DEE gave M+ when given one 
further allantoic passage. 


TABLE 10. 


Results of growing high dilutions of M-+-d in allantoic cavity of whole eggs compared with those 
obtained by de-embryonating similar eggs during the final 24 hours of incubation. 






































HA titres of HA titres of Virus 
harvests in Virus harvests in type 
Virus |} Virus type Virus obtained 
grown || dilution |"; _—_|| Virus | obtained | dilution Virus on 
in inocu- Sheep | type | on inocu- Sheep | type | Subinocu- 
lated | Saline | mucin | Subinocu- |} lated | Saline | mucin lation 
1:200 | lation 1:200 
<1 | | | Nil 1 | M+ 
<e | | Nil <i M+d! 
DEE 10-8 <l Nil 10-7 3 3 | M+ M+ 
<l Nil <1 Nil 
<1 Nil <l Nil 
<l Nil <l Nil 
160 |<10 |M+d| M+d | 350 |<10 |M+d| M+d 
35 |<10 |M+d| M-+d |< 
Whole 10-8 <l 10-? <l | 
eggs 50 |<10 |M+d; M+d | 320 |}<10 |M+d| M+d 
<l | 350 |}<10 |M+d| M-+d 
450 |<10 |M+d M+ | 600 |<10 |M+d; M+d 
| | 


























1 This M+d fluid, when given a further allantoic passage at 10-*, gave M+. 


DISCUSSION. 


How the original M+d strain arose is immaterial to the discussion, but we 
may accept as highly probable the assumption that it arose as a single-step 
mutation from M+. The real interest of the results is their indication that by 
a single-step mutation (or some other unit genetic process) reversion to a strain 
with the full M+ qualities can be obtained with a high degree of reproducibility. 

The first requirement is to establish the reality of the reversion, i.e. to show 
that the M+ strains obtained in the experiments described above (see Tables 
5, 6, 7 and 10) are derived by change in virus particles of M+d character and 
are not derived either from (1) casual contaminants introduced during manipu- 
lations, or from (2) M+ ancestral particles which have persisted in passage 
despite failure to give any other evidence of their existence. 

Casual contamination can be excluded with certainty. All normal precau- 
tions were taken during manipulations and no abnormal type other than M+ 
was ever obtained. 

The second possibility of continuous transfer of M+ in what are nominally 
limit infecting dilutions appears to be equally unacceptable. By testing known 
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mixtures of M+ and M-++d it is easy to show that 5 p.c. of M+ can be recognised 
in an M+d fluid by carrying out haemagglutinin titrations in dilute sheep mucin 
as well as in saline. All the limit dilution fluids used were tested in this way 
and all showed less than 2 p.c. of haemagglutinin resistant to sheep mucin inhi- 
bition. The possibility that 1 p.c. or less of M+ would be sufficient to contamin- 
ate all, or nearly all, limit dilutions of the dominant M+d form would demand a 
whole series of fantastically improbable ad hoc hypotheses. 

If these two possibilities are eliminated we can deduce from the results of 
reversion experiments the following probabilities: 

1. The change M+d to M+ occurs with such a frequency that most M+d 
fluids harvested at three days contain a proportion of viable M+ particles. 

2. M+ grows more rapidly than M+d and the relative advantage is more 
marked where conditions in the allantoic cells are relatively unsatisfactory as in 
the de-embryonated egg. Under such circumstances a pure M+d population 
may at a late stage give rise to a population in which M+ is the dominant form. 
This is seen both in the late appearance of low titre M+ fluids in one limit 
dilution series (see Table 7) and in the considerable regularity with which M+ 
was obtained from de-embryonated eggs inoculated with M+d (see Tables 
8 and 10). 

3. M+d, although multiplying poorly in allantoic cells, induces a high 
degree of interference against M+. This is largely responsible for the necessity 
to make two or more passages at low dilution before the change from M+d to 
M+ can be recognised by in vitro tests. 

The ability to maintain M+d in its original form by limit dilution passages, 
despite the fact that it readily generates a mutant which can grow much more 
readily in this situation, is another confirmation of the principle first demon- 
strated in Burnet and Bull’s (1943) work on the O-D change in type A influenza 
virus (see Burnet, 1955). The different expression of the principle in the present 
system is probably because the O-D change occurs at a higher rate per genera- 
tion and the advantage of D over O is greater than M+ over M+d. 

The second aspect of the M+d to M+ change is in regard to the wide pheno- 
typic differences between the two types which are manifestly interconvertible by 
a single genetic process. Of particular interest is the fact that virulence for two 
“foreign” hosts (mouse lung and chick embryo tissue) is completely masked in 
the M+d form. Since both virulences re-emerge intact with reversion to M+, 
it is impossible to believe that the essential genetic determinants have been lost 
in the M+d state. Modifying and inhibitor genes are frequently called in to 
account for genetic phenomena in higher organisms and some concept of this 
sort may have to be introduced in any eventual systematization of influenza 
virus genetics. 

The in vitro changes are equally striking and the possibility must be kept 
in mind that the absence of virulence for the two types of tissue other than the 
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allantoic cells may be due simply to the extensive surface change in the virus 
particles associated with the change from M+ to M+d. There is a significantly 
lower activity of adsorption and of enzymic activity which, a priori, would be 
expected to lower virulence. On the other hand, strains of very high surface 
activity (e.g. the influenza B strain MIL) which have been passed only in the 
allantoic cavity have no virulence either for the mouse or for the chick embryo 
by the chorio-allantoic route. 


Virulence for any given type of cell or tissue is always a phenomenon of 
multiple causation. It is obvious that to produce lesions at least two distinct 
processes are needed: (i) contact and entry must be made at the cell surface, 
and (ii) appropriate interaction with host cell components is required. In 
addition, it is quite possible that a certain vigour of action reflected in all virul- 
ences may be involved. Any discussion of this type of situation suffers from 
the difficulty of distinguishing genotype and phenotype and the consequent 
tendency to confuse genetic and physiological categories. At the genetic level 
we believe that the difference between M+ and M+d is expressible as an allelic 
difference of a single modifier gene. At the physiological level it is conceivable 
that the extensive changes in the observable characters may all be related to a 
modification of the specific viral protein of the surface of the infective particle. 
The chief significance of the work is probably to be seen in the demonstration 
that virulence can be masked genetically in such a fashion that reversion to the 
original virulent form can occur with relative ease. 


SUMMARY. 


A mutant, M+d, of the influenza strain M+ is described, which differs from 
the parent M+ in its heat resistance and indicator status and which has lost 
all virulence for both the chick embryo and the mouse lung. In addition, it 
lacks the enzymic activity of M+ and occupies a different position in the fowl 
cell receptor gradient. 


M-+d can readily be maintained by allantoic passage at limit infecting dilu- 
tion. However, passage at low dilution (10-*) or in the de-embryonated egg 
reveals a high rate of reversion to the M+ parental type with restoration of all 
M+ characters. It is especially noteworthy that the full virulence for both 
mouse lung and chick embryos is regained along with the in vitro characters. 


The reversion of M+d to M+ occurs as readily with tenth limit dilution 
passage material as with the original isolate. 


Since it must be postulated that the reversion from M+d to M+ represents 
a unitary genetic change, despite the large number of changed characters, the 
presence of a modifier or suppressor gene is suggested and some of its impli- 
cations discussed, 
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INFLUENCE OF CALCIUM IONS, 9aFLUQROHYDROCORTISONE AND 
CARDIAC GLYCOSIDES ON THE ISOLATED TOAD HEART 
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It is well established that excess calcium ions, when added to a hypodynamic 
heart preparation, produce a marked inotropic response. Recently, Tanz et al. 
(1956) reported that the steroid 9afluorohydrocortisone (9aFF) when added at 
suitable concentrations to the isolated cat papillary muscle also exhibited marked 
positive inotropic activity. This latter response was associated with increased 
uptake of sodium ions. 

The experiments reported here were carried out to determine whether 9aFF 
elicited an inotropic response in the isolated perfused toad heart (Bufo marinus) 
and to compare both this response and that due to excess calcium ions with the 
response pattern previously demonstrated for the cardiac glycosides, i.e. increase 
of efficiency, total work output and oxidative metabolism without any significant 
change in respiratory quotient values (Nayler, 1956). 

The glycosides used in this study were Lanatoside-C and Strophanthin-G 
(ouabain ). 


METHOp. 


The isolated toad heart preparation previously described (Nayler and McKelvie, 1956) 
was used throughout this series without any modification—this preparation permitted the 
simultaneous observations of oxygen uptake, carbon dioxide output, maximum aortic pressure, 
stroke volume, beat rate, total work output and efficiency at any stage throughout the per- 
fusion. Unselected, non-hibernating, male and female toads of the species of Bufo marinus 
were used and all observations made at 25-0 + 0-05° C. 

In the control, Lanatoside-C, Cedilanide Sandoz Ltd. product, Strophanthin-G (ouabain 
Arnaud) Laboratoire Nativelle product, and 9aFluorohydrocortisone, Merck & Co. product 
experiments, perfusion fluid of the following composition was used: NaCl 6-72 gm./litre; 
NaHCO, 1-68 gm./litre; NaH,PO, 2H,O 0-49 gm./litre; Mg SO,. 7 H,O, 0-35 gm./litre; 
glucose 3-00 gm./litre; KCl 0-24 gm./litre; CaCl, 0-14 gm./litre; CO, bubbled through 
until pH is 7-5. 





1 The expenses of this investigation were defrayed by a grant from the Life Insurance 
Medical Research Fund of Australia and New Zealand. 
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In those preparations in which the inotropic effect of calcium ions was studied the 
hearts, in both the control and experimental series, were made hypodynamic by reducing 
the calcium content of the perfusion fluid to 0-07 gm./litre (i.e. one-half the normal con- 
centration ). 

In six control experiments using the standard perfusate and six experiments using half- 
calcium perfusion fluid observations of oxygen uptake, carbon dioxide output, maximum aortic 
pressure, the number of drops per beat and beats per minute were recorded at fifteen-minute 
intervals throughout a four-hour period. 

In a further six experiments using the standard perfusion fluid, Lanatoside-C was added 
to the perfusate after an initial one hour’s perfusion to give a final concentration 2 x 10-5, 
In six experiments 9aFF was added to the perfusate (after the initial one hour perfusion) 
to give a final concentration of 1 X 10—®. In six experiments using the hypodynamic heart 
preparation calcium (as calcium chloride) was added after one hour’s perfusion to give twice 
the normal calcium ion concentration. 

Throughout this experimental series observations of oxygen uptake, carbon dioxide out- 
put, drops per beat, beats per minute and maximum aortic pressure were recorded at fifteen- 
minute intervals during the one-hour prior to the addition of the drugs or calcium ions and 
throughout the subsequent three hours. From these results the respiratory quotient values, 
useful work done by and the efficiency of the heart were calculated throughout the four 
hours’ perfusion. 

The results previously reported (Nayler, 1956) from those experiments in which Stro- 
phanthin-G (ouabain) was added to a similar preparation to give final concentration 1 X 10-5 
have been incorporated here for comparison. 

Dilutions of Lanatoside-C, Strophanthin-G and 9aFF were made in the standard Ringer 
solution. 


RESULTS. 


Control series: The observations made in both control series using the stan- 
dard and half-calcium Ringer are shown in Figs. 1-5 (the mean results of six 
experiments being used). In both series relatively constant rates of oxygen 


TABLE 1. 
Respiratory Quotient Values. 














| | 
Time | Control | Lanatoside Strophanthin| 9aFF | Control | 1/2 Calcium 
(in mins.) | (standard |-C (210-5) | -G (1x 10-°) (1x10-*) | 1/2 Calcium |—> x 2 Calcium 
perf.) 6 exp. | 6exp. | 6exp. |  6exp. 6exp. | 6exp. 
| | | 
0 24 =6| 96 | +95 6 | -93 | 95 
30 *94 *95 *95 -96 -93 *95 
60 *94 *95 | *95 -96 | -94 -93 
90 95 | +95 | +95 -96 | 94 | +98 
120 *95 *95 | *95 *97 *94 | -94 
150 *95 -96 -96 -96 *92 -94 
180 “95 | “96 | -96 97 | “92 “93 
210 *95 -96 | *95 -96 -93 *93 
240 *94 | -96 *95 -96 *93 *92 








Respiratory quotient values calculated over thirty-minute intervals. 
Readings taken at fifteen-minute intervals. 
The drugs and calcium ions were added at the double line (60 minutes). 
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Fig. 1. Effect of 9aFF (1 <X 10—-®), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on oxygen consumption. 
The drugs were added at the arrow (see text). 





CONTROL 

STROPHANTHIN-G —o—o— 
LANATOSIDE CC. j= -------- 
94FLUOROHYDRO-CORTISONE ——e—e— 
#*CALCIUM CONTROL —_--—--— 
4*CALCIUM—*2 * CALCIUM ee 











KEY TO SERIES 1-6 
Control—mean result of 6 experiments. 
Strophanthin-G (final conc. 1 X 10-5) mean 
result of 10 experiments. 

Lanatoside C (fnal conc. 2 X 10-5) mean re- 
sult of 6 experiments. 

9aFF (final conc. 1 X 10-6) mean result of 
6 experiments. 

% X calcium control—mean result of 6 experi- 
ments. 

% X calcium > 2 X calcium — mean result of 6 

experiments. 
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Fig. 2. Effect of 9aFF (1 X 10-6), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on maximum aortic 
pressure expressed in millimetres of water. 
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Fig. 3. Effect of 9aFF (1 X 10—®), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on the number of 
drops per beat. 
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Fig. 4. Effect of 9aFF (1 X 10—®), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on the number of 
beats per minute. 
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Fig. 6. Effect of 9aFF (1 X 10-6), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on the percentage effi- 
ciency of the heart. 
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Fig. 5. Effect of 9aFF (1 < 10—®), Lanato- 
side C (2 X 10-5), Strophanthin-G (1 x 10-5) 
and excess calcium ions on the useful work 
done by the heart (expressed in gm.cm./min.). 

















CARDIAC METABOLISM : IONIC CHANGES 245 


consumption and number of beats per minute were recorded, with a steady 
decline in maximum aortic pressure, cardiac output, useful work done by and 
the efficiency of the heart. The mean results listed in Table 1 indicate no signi- 
ficant changes in the respiratory quotient values throughout the four hours. 

Oxygen Uptake: The addition of Lanatoside-C (final concentration 
2 x 10-5) produced a marked diphasic increase in oxidative metabolism similar 
to that previously noted following the administration of Strophanthin-G (final 
conc. 1 X 10—°)—-see Fig. 1. 

The maximum increase of 20 p.c. in the rate of oxygen uptake was recorded 
during the fifteen minutes subsequent to the addition of Lanatoside-C to the 
perfusate. A small secondary increase was recorded approximately 60 minutes 
later. 

9aFF produced a marked and well-sustained increase in oxygen consump- 
tion, the response again showing a diphasic pattern and reaching a maximum 
increase of 45 p.c. fifteen minutes after the administration of the steroid. A 
smaller secondary increase was also recorded approximately 60 minutes later. 

The addition of calcium ions to the hypodynamic heart resulted in a 
similar well-sustained diphasic stimulation in oxidative metabolism, the maximum 
increase of 65 p.c. being apparent fifteen minutes after the addition of the 
calcium—see Fig. 1. 

Respiratory Quotient Values: The mean respiratory quotient values ob- 
tained throughout the series are shown in Table 1. Neither Lanatoside-C, Stro- 
phanthin-G, 9aFF nor calcium ions produced any significant change in the respi- 
ratory quotient values in the three hours following their addition to the heart. 

Maximum Aortic Pressure: Fifteen minutes after the administration of 
Lanatoside-C giving a final concentration of 2 x 10-5 an increase in maximum 
aortic pressure was recorded; this increase continued throughout the subsequent 
hour and was followed by a slow, steady decline (see Fig. 2). A similar though 
less marked increase was recorded following the addition of the 9aFF to the 
perfusion fluid. This latter increase reached a maximum 45 minutes after the 
addition of the steroid and was likewise followed by a slow decline. 

Excess calcium ions produced an immediate and well-sustained increase 
in maximum aortic pressure, the raised level being maintained throughout the 
subsequent three hours (see Fig. 2). 

Drops Per Beat: In Fig. 3 it is evident that Lanatoside-C, 9aFF, Strophan- 
thin-G and excess calcium ions in the above concentrations all produced an 
increase in cardiac output as expressed by the number of drops per beat. The 
steroid produced only a small increase when compared with that produced by 
the glycosides and calcium ions. 

Beat Rate: Lanatoside-C (2X 10-5), Strophanthin-G (1 x 10-5), 9aFF 
(1 x 10-*) and calcium ions all produced a fall in the number of beats per 
minute when added to the heart in this preparation. In Fig. 4 it is apparent 
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that both glycosides effect a more pronounced decline in beat rate than do the 
steroid or calcium ions when used in the above concentrations. 

Work Output: Fig. E shows that the addition of Lanatoside-C (2 x 10-5), 
Strophanthin-G (1X 10-°), 9aFF (1X 10-*) and calcium ions resulted in 
marked and well-sustained increased work output. 

Efficiency: The effects of the various drugs and calcium ions on the efficiency 
of the heart in this preparation are shown in Fig. 6. 

Both the glycosides and 9aFF produced a maximum increase approximately 
one hour after the addition of the drug to the perfusion system. In all four 
series the efficiency slowly returned to normal within three hours. 


DISCUSSION. 


It is apparent from these data that the inotropic responses exhibited by the 
isolated intact toad’s heart following the administration of excess calcium ions, 
QaFF and the cardiac glycosides Strophanthin-G and Lanatoside-C, all follow a 
uniform physiological and metabolic pattern. The response includes a marked 
and sustained increase in work output, efficiency and oxidative metabolism with- 
out any apparent change in the rate of metabolic energy liberation. Likewise, 
the results previously reported on the mode of action of digoxin (Nayler, 1956) 
conformed to this standard pattern. 

Whereas it is generally accepted that the glycosides differ from one another 
only in the rapidity and degree of absorption and in their potency (Lown and 
Levine, 1954) the ability of steroid substances other than the glycosides or 
aglycones and of ionic changes precisely to mimic their response does not appear 
to be so well appreciated. Ellis (1953) demonstrated that excess calcium ions 
displayed the same behaviour towards certain metabolic inhibitors as did the 
glycoside, Strophanthin-K. 

Much of the confusion which has arisen concerning the metabolic changes 
associated with the activity of the glycosides may be due to the many variations 
in techniques used. Thus Blain et al. (1956), when investigating the action of 
Cedilanid on patients by the use of direct intubation of the coronary sinus, failed 
to detect any increase in oxidative metabolism following the administration of 
therapeutic doses of the glycoside; Burdette (1952) reported that the addition 
of Lanatoside-C to human auricular appendages tripled the rate of respiration. 
Herrmann et al. (1954) using cat ventricular slices found that the nine cardiac 
steroids studied produced a sustained stimulation of respiration; Finkelstein and 
Bodansky (1945) reported similar findings when they added 1 x 10~® scillaroside, 
digitoxin and ouabain to cat ventricular slices. Genuit and Haarmann (1940) 
were unable to detect any stimulation in oxidative metabolism following the 
addition of Strophanthin to guinea pig and rat minced cardiac tissue. 

Whereas the bulk of the evidence does suggest that the glycosides do 
augment respiration of cardiac tissues (see Wollenberger’s review, 1949) the 




















CARDIAC METABOLISM : IONIC CHANGES 247 


conflicting available data need some explanation. As metabolic processes are 
apparently not species specific the discrepancies may be due to some workers 
using intact tissue and others using tissue slice or mince extracts, whose cell 
membrane properties will be destroyed or greatly impaired. This view is sup- 
ported by the experiments of Stutz et al. (1954) who were able to demonstrate 
that the effect of the cardiac glycosides on the contractile proteins and mem- 
brane activity are inseparable. In the above series the use of the intact heart 
obviated this difficulty. 

In the four inotropic responses studied in this series, the failure to associate 
any significant change in respiratory quotient values with the increased efficiency 
and work output is in general agreement with the results of Ransom and Loomis 
(1952) and Blain et al. (1956). The latter workers failed to detect any significant 
change in the rate of extraction of glucose, pyruvate, lactate, amino acids and 
ketone bodies by the human heart following the administration of therapeutic 
doses of Lanatoside-C. 

The finding that the cardiac glycosides, calcium ions and 9aFF increase the 
efficiency of the isolated heart in association with stimulated respiration and 
unchanged respiratory quotient values suggest that these agents are bringing 
about their inotropic response by their action on energy utilization rather than 
energy production. Since 9aFF increased the rate of uptake of sodium ions 
(Tanz, 1956) and the cardiac glycosides increase the rate of loss of potassium 
from cardiac muscle (Cattell and Goodell, 1937; Wedd, 1939), it is possible 
that a changed intracellular ionic pattern is intimately associated with the 
inotropic response. This change may be concerned with the orientation of 
potassium ions about the actin-myosin complex as explained by Szent-Gyorgyi 
(1952). Alternatively, these changes in ionic distribution may be the after effects 
of the changes in the actomyosin threads as observed by Mallov and Robb 
(1949) and the polymerization of actin as recorded by Horvath et al. (1949). 


SUMMARY. 


Using a modified Warburg-type apparatus the effect of Lanatoside-C, excess 
calcium ions and 9aFF on the isolated toad heart has been studied. 

The inotropic response produced in each case was qualitatively identical. 

As with Strophanthin-G and Digoxin, increased respiration was associated 
with increased work output and efficiency. 
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THE SPASMOLYTIC ACTIONS OF SOME SYNTHETIC 
COMPOUNDS RELATED TO PAPAVERINE 
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Papaverine, an alkaloid derived from opium, is regarded as the standard of 
comparison for spasmolytic drugs which have as their site of action the smooth 
muscle cell. It has been widely used in conditions where relaxation of smooth 
muscle is desirable, for example in renal and biliary colic, asthma, spasmodic 
hypertension, peripheral vascular diseases and angina pectoris, although its value 


“ in several of these conditions appears to be limited. 


CH,0 During recent years a revival of interest in spasmo- 
s lytic drugs has occurred, with attention being 
CH,0 a focused on synthetic derivatives of papaverine. 


Goldberg and Shapero (1954a and 1954b) have 
made a comparative study of papaverine, perparine 
CH, and octaverine, where the isoquinoline nucleus is 
preserved and modifications to the molecule are 
confined to the peripheral groups. 
CH,O Cymerman-Craig et al. (1954) have already 
briefly reported the occurrence of spasmolytic 
action in a series of compounds in which the iso- 
quinoline nucleus of papaverine had been opened 
along the line a—a. The compounds to be discussed in the present study have 
the same broad chemical configuration and may be conveniently divided into 
three groups. The structural formulae and reference numbers of the compounds 
are given in Table 1 where the compounds are arranged to show the relationship 
to papaverine. The reference numbers are used throughout this paper to de- 
scribe the compound in question. The experiments to be reported here are 
comparisons with papaverine of (a) spasmolytic activity on isolated guinea pig 
ileum against spasms induced by carbamyl choline, histamine and barium 
chloride, (b) coronary dilator activity in perfused isolated cat hearts, and (c) 
hypotensive actions in the intact anaesthetized cat. 


CH,O 


Papaverine 


Austral. J. exp. Biol. (1957), 35, pp. 249-256 
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TABLE 1. 


The chemical structures and reference numbers of a series of synthetic spasmolytic compounds. The 
structural formulae are arranged to indicate the relationship to papaverine. 















































General formula Ref. No. R, R, R; 
oe 36 CH,O H H 
37 CH,0 H CH, 
38 CH,O CH, CH, 
7 41 CH,0 H CH,CH, 
42 H H H 
N, N; 
OL y \ ‘ . , 
(CH) (CH,) 
Nj | N, 39 2 2 
R 
waa | R 
rl 34 —N y 
CH,0 35 —N O 
>< 
EXPERIMENTAL 


Spasmolytic Actions on Isolated Guinea Pig Ileum. 


Strips of guinea pig ileum were suspended in an isolated organ bath con- 
taining Tyrode’s Solution at 37° C. and aerated with 5 p.c. carbon dioxide in 
oxygen. The method of Goldberg and Shapero (1954a) was modified as re- 
ported by Cobbin and Thorp (1957) in order to obtain parallel log. dose-response 
lines so that a more reliable estimate of the potency of a test compound could 
be made in comparison with papaverine. Spasm was induced by suitable con- 
centrations of either carbamyl] choline, histamine or barium chloride and at the 
height of the contraction, the test compound was added. The results obtained 
are grouped together in Table 2 

It was previously found (Cobbin and Thorp, 1957) that barium chloride 
was unsatisfactory as a spasmolytic agent and in this series it was difficult to 
obtain any reasonable degree of spasmolysis in the presence of barium chloride, 
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TABLE 2. 


Spasmolytic tendencies of synthetic compounds against spasms induced by carbamyl choline, 
histamine and barium chloride on guinea pig ileum expressed in terms of papaverine = 1. The figures 
are on a weight for weight basis. 











Potency (Papaverine = 1) 
Compound ] | 
Carbamy] choline Histamine Barium choline 
34 0-3 | 1-0 0-2 
35 0-3 0-1 0-1 
36 0-3 0-7 0-1 
37 0-3 | 0-8 0-7 
38 0-7 0-7 0-5 
39 1-5 0-8 0-3 
40 0-5 0-5 0-2 
41 0-7 0-6 0-1 
42 0-1 | 1-0 0-7 








since the interaction of spasmogen and spasmolytic frequently caused violent 
bursts of spontaneous activity which were only removed by changing the Tyrode’s 
Solution. For this reason, the potencies listed in Table 2 against barium chloride 
are maximum values and the actual potency is somewhat less. 

Of all the compounds tested Nos. 34, 37, 39 and 42 were the most interesting 
since Nos. 34 and 37 appeared to be comparable with papaverine against his- 
tamine, and No. 37 was also strongly spasmolytic against barium chloride. No. 
39 had comparable strength to papaverine against carbamyl choline and his- 
tamine but was weak against barium chloride, and No. 42 was remarkable in 
that it antagonised barium chloride and histamine and, in the doses used, ex- 
hibited very little activity against carbamyl choline. 


Effects on the Isolated Perfused Cat Heart. 


Cat hearts were arranged for perfusion by the method of Langendorf at a 
constant head of pressure of 75 cm. water, using Ringer-Locke Solution at 37° 
C., aerated with 5 p.c. carbon dioxide in oxygen. Injections were made into 
the cannula just above the point of entry into the aorta. The amplitude of con- 
tractions was recorded on a kymograph. Coronary flow was measured directly 
and the rate was counted over a 15 sec. period at two-minute intervals. For 
these experiments papaverine was given as a 0-1 p.c. solution and all other drugs 
as 1-0 p.c. solution, all drugs being made up in water. The volumes injected 
ranged from 0-1 ml. to 1-0 ml. of these solutions. The results of the experiments 
are summarised in Table 3. 


The most obvious feature of these experiments was that papaverine and all 
the synthetic drugs immediately caused a diminution in amplitude of contrac- 
tion. In the case of papaverine the amplitude usually increased above the pre- 
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TABLE 3. 


The effects of papaverine and synthetic drugs on the isolated perfused cat heart. The figures in the 
column labelled coronary flow are estimates of the potency of the synthetic drug in terms of papaverine 
= 1, estimated on a weight for weight basis. 





Drug Coronary flow | Heart Rate 





Amplitude of contraction 
Papaverine 1-0 decreased decreased initially then rose above 
pre-injection level. 
34 0-03 decreased* decreased 
35 0-13 | decreased* decreased 
36 | 0-05 | decreased | decreased 
37 0-16 | decreased | decreased 
38 0-15 | decreased* | decreased 
39 0-1 decreased | decreased 
40 0-16 | decreased* decreased 
41 0-03 decreased | decreased 
42 0-04 decreased decreased 





* These drugs had no effect on the heart rate in small doses, but in larger doses caused 
diminution of rate. 


injection level after approximately two minutes and then gradually returned. 
The synthetic compounds never caused a rise above pre-injection amplitude of 
contraction. The rate of beating usually decreased immediately following the 
injection, but never increased. Some compounds in lower dose levels did not 
affect the rate but in higher dose levels the same compounds caused a decrease. 


All the compounds showed coronary dilator activity which was never more 
than about 1/6th as great as papaverine. Compounds 35, 37, 38 and 40 were 
the most active. 


Effects in the Intact Anaesthetized Cat. 

Cats were anaesthetized with pentobarbitone sodium 50 mg./kg. ip. The 
trachea was cannulated and the left carotid artery prepared for recording the 
blood pressure. Injections were made into the right saphenous vein and were 
washed into the blood stream with 2 ml. of saline. Graded doses of papaverine 
and the synthetic drugs were injected to obtain a comparison of hypotensive 
activity. A valid estimate could be obtained only with compounds 34, 35, 39 
and 40 since in these cases the dose-response relationship for hypotensive action 
paralleled that of papaverine. The range of dosage for minimal to maximal 
effects was smaller with the other compounds tested and consequently the esti- 
mates of potency are only approximate. These four compounds which were 
the most active were about 1/10th-1/20th as potent as papaverine. 


Compound No. 40 exhibited a depressor potency of 0-05 and had an equiva- 
lent duration of action to papaverine. After a dose of this compound the blood 
pressure fell, returned to normal and rose beyond the pre-injection level by 
about 10 mm. Hg. In some experiments an e.c.g. was taken via lead II for 
the purpose of measuring the effects of the drugs upon the heart rate. It was 
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TABLE 4. 


The slopes of the log. dose-response curves prepared from the depressor responses in anaesthetized 
cats to papaverine and the synthetic analogues. 








Compound | Slope Potency 
Papaverine 19-0 1-0 

34 16-0 0-13 
35 | 21-9 0-06 
36 31-0 0-05 
37 | 35-1 0-05 
38 37-9 0-13 
39 25-6 0-15 
40 14-8 0-05 
41 33-7 0-05 
42 62-6 0-1 








found that after compound 40 had been administered the heart rate was reduced 
by approximately one-quarter three minutes after the injection, and so the 
secondary rise in blood pressure cannot be explained by an increase in the 
heart rate. 


Compound 37 was more active and doses less than 1 mg./kg. produced 
small but measurable response. Following the depressor response, the blood 
pressure returned to normal within one minute and continued to rise and 
stabilize at a level approximately 20 mm. Hg higher than before the injection. 
The heart rate was not significantly affected during responses to compound 37. 


Compound 88 produced changes in the blood pressure with doses less than 
1 mg./kg., and at 5 times this dose level, quite profound blood pressure falls 
were found. The return to normal was characterized by an initial rapid return 
to near the pre-injection level, followed by a slower return taking up to 5 minutes 
to stabilize. Compound 89 was even more active than No. 38. The blood pres- 
sure was significantly lowered by doses of 0-5 mg./kg., returning to normal 
within one minute. Doses of 4 mg./kg. could lower the blood pressure to 50 
p.c. of the resting level. The time course of the response to compound 39 was 
much more prolonged than any other synthetic compound. Responses to doses 
in excess of 2 mg./kg. took up to 4 minutes to stabilize (at approximately 10 
mm. Hg lower than the pre-injection level). 


DISCUSSION. 


The synthetic compounds studied here show very little consistency in their 
actions in the various tests described. The most interesting compound is No. 
39 which exhibits 1-5 times the potency of papaverine on the isolated guinea 
pig ileum in antagonising spasms induced by carbamy] choline, and a potency 
of 0-8 that of papaverine when tested against histamine spasm although its 
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spasmolytic action against barium chloride is weak. This compound has coronary 
dilator action on the isolated perfused cat heart, although the potency is only 
one-tenth that of papaverine. In intact anaesthetized cats, No. 39 has a similar 
slope to papaverine when log. dose-response curves are prepared for the de- 
pressor response to intravenous injections. The duration of the depressor re- 
sponse is, however, more prolonged than that of papaverine and for these reasons 
the compound may be of further interest. It is interesting to note that the 
structure of No. 39 is by no means as closely related to papaverine as the com- 
pounds in the first part of Table 1, since the nitrogen atom of the molecule is 
separated from each benzene ring by two methylene groups. 


Compound No. 40, which is similar to No. 39, differing only in the fact that 
single carbon bridges exist between the nitrogen atom and the benzene rings, 
is of much less interest, except that it is the most powerful coronary dilator of 
the drugs tested here. The spasmolytic potencies are all less than those of com- 
pound 39 and it has only one-twentieth the depressor potency of papaverine in 
the intact cat. It is of interest to note that the higher homologue in this series, 
containing three carbon bridges between the benzene rings and the nitrogen 
atom, has been introduced into clinical medicine as a spasmolytic in the form 
of a tertiary amine as bis-y-phenylpropylethylamine and has been claimed to be 
of value in the treatment of many conditions involving spasm of smooth muscle 
(Weiss, 1945; Mantell and Kovnat, 1946). 


The effect of incorporating the nitrogen atom as a piperidine or morpholine 
ring as was done in compounds 34 and 35 does not confer any remarkable pro- 
perties on the molecule in the tests reported here. Compounds 36, 37, 38, 41 
and 42 which most closely resemble the structure of papaverine are interesting 
since the antihistaminic activity which they exhibit is of comparable order to 
papaverine. No. 37 has a similar arrangement of methoxy groups around the 
cyclic portions of the molecule to papaverine, together with a methyl substitu- 
tion on the amino group. Both compounds 37 and 42 have very little activity 
against the neurotropic spasm produced by carbamyl choline, but the latter 
shows maximal antihistamine activity. From a comparison of Tables 1 and 2 
it would appear that primary amines have little spasmolytic activity against 
carbamy] choline but the secondary and tertiary amines possibly show increasing 
neurotropic spasmolytic properties. 


It would be more practical to draw inferences concerning structure-activity 
relationships in these compounds, were more intermediate substances available. 
In conclusion, it is worth stating that none of the compounds described here 
surpasses papaverine in any of the three types of tests, and it may be that the 
preservation of the isoquinoline nucleus is essential for maximum action. How- 
ever, compound 39 would seem to be worth further evaluation particularly com- 
parison with bis-y-phenylpropylethylamine which is already in clinical use. 
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SUMMARY. 


A series of analogues of papaverine, in which the isoquinoline ring has been 
opened, has been studied for spasmolytic action, coronary dilator action and 
effects in the whole animal. None of the compounds exhibits a superiority to 
papaverine in all these types of test, but one, bis-(2-phenylethyl)amine (No. 
39) is worth further study. The results are discussed with reference to the 
structure-activity relationships and it is concluded that an intact benzyl isoquino- 
line nucleus is important for the characteristic activity of papaverine. 
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The effects of the administration of volatile fatty acids on blood concentra- 
tions of reducing sugar or ketone bodies in ruminants have been investigated by 
Schultz, Smith and Lardy (1949), Schultz and Smith (1951), Jarrett, Potter and 
Filsell (1952), Potter (1952), Johnson (1955), and Clark and Malan (1956). 
In their experiments, an increase in blood sugar invariably occurred after the 
administration of propionate and sometimes after butyrate or acetate. A rise 
in blood ketone bodies followed the administration of butyrate and acetate, 
whilst ketone levels were depressed slightly after the administration of pro- 
pionate. These changes in blood sugar and ketones could be due to any of the 
following mechanisms:— 


(i) Transformation of the administered fatty acid to ketones or glucose; 

(ii) a “sparing” effect on glucose, ketone or fat utilisation; 

(iii) a pharmacodynamic action of the fatty acid producing changes in the 
rate of uptake or output of ketones or glucose; 


(iv) some endocrine mechanism activated by the fatty acid or by the ex- 
perimental procedure. 


Following the observations of Shapiro (1935) that pyruvate and various 
other carbohydrate intermediates were glycogenic and ketolytic in intact rats, 
it has become commonly accepted (Baldwin, 1952; Soskin and Levine, 1952) 
that when a substance is glycogenic it is also antiketogenic. In the experiments 
with ruminants mentioned above, propionate followed the usual non-ruminant 
pattern, but butyrate and acetate did not. The effect of propionate strongly 
suggests that it is converted to glucose in the liver (Johnson, 1953), and that it 
depresses blood ketones by “sparing” the utilisation of fat and facilitating the 
entry of acetyl-coenzyme A into the tricarboxylic acid cycle. The effects of 
butyrate and acetate are less readily explained. It appears that both may be 
converted to ketones or glucose, 
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either 
acetate | -_ gine 
butyrate | ee 
or 
acetate 
| —— ketones ———— glucose. 
butyrate | 


These conversions all occur, but appear to be quantitatively unimportant in non- 
ruminants (Blixenkrone-Moller, 1938; Weil-Malherbe, 1938; Buchanan, Hastings 
and Nesbett, 1943; Medes, Floyd and Weinhouse, 1946; Lackey, Bunde and 
Harris, 1947; Lifson, Lorber, Sakami and Wood, 1948; Parnes and Wertheimer, 
1950a, 1950b; Sakami and Lafaye, 1951; Rudney, 1950, 1954; Schambye, Wood 
and Popjak, 1953). They are likely, however, to be more important quantita- 
tively in sheep, in view of the large amounts of volatile fatty acids and ketones 
in the blood, and the dependance of sheep upon gluconeogenesis for the pro- 
vision of blood sugar. 

Reid (1950) found a regression of carotid-jugular difference of reducing 
sugar upon carotid-jugular difference of volatile fatty acid with a slope of —0°5. 
It follows that the calorific equivalent of the combined uptake is greater when 
the uptake of volatile fatty acids is greater (Kronfeld, 1956). This may be 
due to the wasteful oxidation of the volatile fatty acid (as suggested by McCly- 
mont, 1952), or to the transformation of part of the uptake of volatile fatty acid 
to other substances. 

In this paper some experiments are described in which butyrate, acetate 
and £-OH butyrate were given by intravenous infusion to Australian Merino 
sheep with exteriorised carotid and jugular vessels. 


METHOobDs. 


The solutions of sodium butyrate and sodium acetate were 6 p.c. (w/v), and that of 
sodium B-OH butyrate was 3 p.c. (w/v). The solutions were adjusted to pH 7-4, and then 
autoclaved in bottles of 500 ml. capacity. The 500 ml. of solution was given to a sheep 
at 10 ml./minute through a polythene tube passed 15 cm. down the jugular vein. Arterial 
and venous blood samples (10 ml. each) were taken simultaneously before and after infu- 
sion of the solution. In some cases the blood sugar was initially raised by the intravenous 
infusion of 100 ml. of 5 p.c. glucose, or lowered by fasting for 3-7 days. 

Protein free filtrates were prepared, by the method of Somogyi (1945), within 5 minutes 
of withdrawing the blood. Portions of the filtrate obtained from each blood sample were 
used for the estimation of reducing sugar, volatile fatty acids and ketone bodies. The reduc- 
ing sugar was measured by the method of Somogyi (1945, 1952); accuracy was within 2 
p.c. and recovery 100-6 p.c. The volatile fatty acids were separated from the filtrate by 
steam distillation in a Markham apparatus containing potassium oxalate buffer (Scarisbrick, 
1952), collected in water, aerated with acid- and alkali-free air to remove CO, and titrated 
against 0-01N NaOH from a Conway microburette using brom-thymol blue as indicator. 
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Accuracy was within 2 p.c. and recovery 95-3 p.c. The ketone bodies were measured by the 
procedure of Thin and Robertson (1952) except that small rubber-stoppered bottles boiled 
in a water-bath for 30 minutes were used in place of the micro-refluxers (Dale and Brody, 
1954); accuracy was within 8 p.c. The mean blood concentration (arterial plus venous 
divided by two) was taken to indicate whether infusion raised or lowered the blood level 
of reducing sugar or ketone bodies. The arterio-venous difference was taken to indicate the 
net uptake and output of sugar or ketones by the tissues of the head. 


RESULTS. 


Butyrate. During butyrate infusion, the respiration rate was 40-60/minute, 
and the heart rate was 100-150/minute. The sheep would become dull, but 
without loss of reflexes. Faster infusion rates were avoided because they re- 
sulted in tachycardia, loss of reflexes and coma. 


TABLE l. 


The effect of intravenous infusion of sodium butyrate on mean blood concentrations and arterio-venous 
differences of glucose and ketones in four ewes. 
































| | Glucose Ketones V.F.A. 
| mg./100 ml. mg./100 ml. | mg./100 ml. 
Infusion | Ewe | | 
| | A+V | A+V | | A+V | 
— A-V | A—V | A—V 
2 | 2 | 2 | 
Glucose first | (52) | before | 78-2 | 9-0 9-4 | 0-3 4:2 | 0-6 
then butyrate | after 27-7 —1-8 23-6 | —0-7 6-0 | 1-8 
Glucose first (25) before 68-3 | 3-6 | 11-8 —1-0 8-4* 
then butyrate after 51-2 9-0 13-3 | —5-1 17-4 
Glucose first (5) | before | 67-3 | —5-4 | 4:7 | 1-3 3-6 | 2-4 
then butyrate | after | 36:0 | 0-0 23-0 6-9 | 5-4 | 1:8 
Glucose first (19) before 60:0 | 4-8 | 6-8 | =a 3-6 2-4 
then butyrate after | 37-2 | —2-4 | 19-0 —6-6 | 60-0 8-4 
Butyrate only (19) before | 44-4 7-6 6-6 | 1:3 | 7-8 | 3-6 
| after | 62-4 | —9-6 | 24-3 | —5-2 | 39-6 | 9-6 
Butyrate only (19) | before | 42-6 3-6 2-1 0-8 10-2 | 3-6 
| | after 49-2 2-4 | 5-5 | —1-9 | 50-2 | 7:8 
Butyrate only | (19) | before | 40-5 5-4 12-7 —3-5 8-4 6-0 
after | 90-4 13-5 | 10-9 13-2 82-8 14-4 
Butyrate only (5) before | 39-6 0-0 4-7 —0-4 3-6* | 
| after | 28-8 0-0 10-0 —5-9 4-8 
Butyrate only | (5) | before | 39-6 2-4 3-7 4-0 7°8 1-2 
| after | 48-6 | 3:6 8-6 —2-8 65-4 9-6 
Butyrate only (19) before 39:6 | 2-4 0-0 0-0 8-4 9-0 
| after 69-6 2-8 5-0 —1-4 66-0 | 20-4 
Butyrate only (19) | before 35-0 5-4 7-8 3-3 4-2 | 1-8 
after 47-7 2-7 9-0 | —1:4 88-8 | 6-0 
Butyrate only (5) | before | 35-0 5-4 3°7 —0-2 15-6 | 7:2 
| after | 114-5 2°7 6-9 —5-0 | 104-4 | 2-4 
Starve (25) | before 30-6 2-7 7-2 | 1-5 6-0 | 4:2 
then butyrate after | 90-3 2-7 5-2 —1-1 61-2 6-6 
Starve (19) | before 32-3 0-0 5-8 —4-3 7-8 3-6 
then butyrate | after | 85-0 —2-7 5-6 0-0 102-0 26-4 
Starve (5) | before | 27-0 0-0 0-0 0-0 | 4:8 4-2 
then butyrate after | 101-5 | —8-1 5°5 | —1-0 | 85-2 | 21-6 
| } 











* Arterial plasma concentration, 
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When the blood sugar was initially about the normal average value, the 
blood concentration increased during butyrate infusion in all but one case (see 
Table 1). When the blood sugar was initially depressed by fasting, the increase 
was marked upon butyrate infusion. When the blood glucose was high initially, 
it fell during the 50-minute period of butyrate infusion. The rate of fall was 
two to four times that of about 10 mg./100 ml./hour found in this range for 
glucose tolerance tests in adult sheep (McCandless and Dye, 1950; Jarrett et al., 
1952). The change in mean blood sugar correlated with initial mean blood sugar 
(r= 0-848) at a highly significant level (P <0-001) for 15 observations, the 
slope being — 2-15. 

Mean blood ketone concentrations were increased by an average of 5-8 
mg./100 ml. after butyrate infusion. The larger rises in ketones were associated 
with decreases in glucose, and small rises or negligible changes in ketones were 
associated with increases in glucose. The correlation of change in mean blood 
ketones with change in mean blood glucose (r=0-592) was significant 
(P =0-02) for 15 observations, the slope being — 0-1. 

Negative arterio-venous differences of a reducing substance, presumably 
glucose, were recorded on 5 occasions following butyrate infusion and once prior 
to infusion (Table 1). The negative differences were 9-6, 8-1, 5-4, 2-7, 2-4 
and 1-8 mg. glucose/100 ml. Duplicates agreed in every case and all negative 
differences exceeded twice the estimated standard error of the method (+ 0-7 
mg./100 ml.). 

Negative arterio-venous differences of ketone bodies which exceeded twice 
the estimated standard error of + 0-6 mg. acetone/100 ml. were recorded on 9 
occasions following butyrate infusion, and on 3 occasions prior to infusion. On 
another 6 occasions there were negative differences which failed to exceed twice 
the estimated standard error. 

Acetate. Increases in mean blood glucose concentration occurred after 
acetate infusion when the initial glucose level was in the normal range (Table 
2). The rate of fall of glucose during acetate infusion when the glucose had 
been raised initially by glucose infusion was less than that found at about this 
range of concentration in glucose tolerance tests (McCandless and Dye, 1950; 
Jarrett and Potter, 1952). Negative arterio-venous differences of 8 and 14 
mg./100 ml. of a reducing substance, presumably glucose, occurred after acetate 
infusion, and they were well beyond probable experimental error (Table 2). 

Mean blood ketone concentrations increased by an average of 3-4 mg./100 
ml. following acetate infusion. The arterio-venous differences of total ketones 
were negative in every case (Table 2). Two of them, 11-0 and 6-5 mg. ace- 
tone/100 ml., were well in excess of probable experimental error. 

B-OH butyrate. The sheep showed no clinical signs of ketosis during or 
after the infusion of B-OH butyrate. The pulse and respiration remained at 
95-105/minute and 45-50/minute respectively, the animal was always alert, 
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TABLE 2. 
The effect of intravenous infusion of sodium acetate on the mean blood concentration and arterio-venous 
differences of glucose and ketones in two ewes. 




















| mg /100'2 | Ketones V.F.A. 
./100 ml. mg./100 ml. | mg./100 ml. 
| | 
Infusion | Ewe | 
| A+V | | A+V | A+V 
| A-V | A-V | — A-V 
2 | 2 2 
| 
Glucose first | (5) | before | 57-6 | 3-6 7-9 | —2-0 | 7-8 4-8 
then acetate | after | 52-2 | 0-0 | 9-8 |—11-0 | 63-0 | 12-0 
Acetate only | (19) | before | 46-0 | 5-4 3-2 1-0 | 12-6 | 5-4 
after | 48-6 | 0-0 6-8 —1-5 | 109-2 | 20-4 
Acetate only (79) | before | 33-6 | 10-4 3-2 —0-6 5-5 | 1-9 
| after | 40-8 |-14-4 | 10-2 | —6-5 | 30-3 | 6-6 
Acetate only (19) | before | 31-4 | 8-1 | 1-0 1-1 10-8 8-4 
after | 39-5 | —8-1 | 2-2 | —0-5 eos 17-4 
| | 








undistressed and apparently normal. The mean blood ketone concentraticn was 
raised by 0-9 and 3-5 mg./100 ml. (Table 3). If the 17 gm. of 8-OH butyrate 
had been distributed through an extracellular water space of 3 1., and had not 
been removed, the increase in concentration would have been 560 mg./100 ml. 
Comparison of the above figures shows that the ketone was removed from the 
blood about as fast as it was given. 


TABLE 3. 


The effect of intravenous infusion of sodium B-OH butyrate on the mean blood concentration and 
arterio-venous difference of glucose and ketones in two ewes. 









































Glucose Ketones V.F.A. 
mg./100 ml. mg./100 ml. mg./100 ml. 
A+V A+V A+V 
A-V A-V A—V 
2 2 2 

17 g./500 ml. before 42-0 —2-4 7°5 1-1 7-4 5-2 
| after 69-6 —9-6 8-4 2°7 6-6 1-8 
10 g./300 ml. | before 27-6 7-2 1-3 1-0 | 5-1 3-0 
after 50-4 —4-8 4-8 2-8 | 6-3 0-6 





The mean blood concentrations of glucose were increased following the 
infusion of B-OH butyrate. Increases in the uptake of ketone bodies by the 
head were accompanied by decreases in the removal of volatile fatty acids and 
by the contribution of a reducing substance (Table 3). 
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DISCUSSION. 


The increase in ketone bodies following the infusion of butyrate or acetate 
indicated a decrease in utilisation or an increase in production of ketone bodies. 
The butyrate or acetate may have been converted to ketone bodies. These 
conversions have been demonstrated in rat liver by isotopic tracers (Medes, 
Weinhouse and Floyd, 1945; Medes, Floyd and Weinhouse, 1946). It has 
generally been accepted that the liver is the sole organ that adds ketones in signi- 
ficant amounts to the circulation (Campbell and Best, 1956). The negative 
carotid-jugular differences which were observed, however, after butyrate or 
acetate infusion, point to production of ketones by the tissues of the head. 
Ketogenesis also occurs in peripheral tissues of non-ruminants, but it is masked 
by ketolysis (Soskin and Levine, 1952). Ketolysis is not always sufficient to 
mask ketogenesis in the tissues of the head of sheep following the infusion of 
butyrate or acetate, and this suggests that the volatile fatty acids are converted 
to ketones. The extrahepatic conversion of butyrate to ketone bodies has been 
strongly implied by their accumulation in vitro when butyrate was used as a 
substrate for sheep-rumen epithelium (Pennington, 1952) and guinea-pig caecal 
tissue (Hagen and Robinson, 1954). 

The increase in blood glucose concentration following the infusion of buty- 
rate, 8B-OH butyrate and acetate could have resulted from a decrease in utilisa- 
tion or an increase in formation of glucose. The administered substances may 
have been converted to glucose. 

Glycogen =ccumulated in cat livers perfused with butyrate (Blixenkrone- 
Moller, 1938). About 20 p.c. of the added butyrate was converted to ketones 
and the remainder went to sugar, apparently via succinate. This net synthesis 
could not be accounted for by protein conversion (Soskin and Levine, 1952). 
Labelled butyrate fed to fasted rats was followed by the appearance of °C in 
the liver glycogen (Buchanan et al., 1943). In a similar experiment, this °C 
was located mainly in positions 3 and 4 of the glucose units of glycogen (Lifson 
et al., 1948). These positions were consistent with oxidation to acetate, the 
carbon continuing around the tricarboxylic acid cycle, and then up the glycolytic 
chain in reverse. Labelling was found in positions 1, 2, 5 and 6 of lactose after 
3-*C-butyrate had been injected into rabbits (Schambye et al., 1953). This 
was consistent with some net synthesis of glucose by oxidation at the 3-position 
and decarboxylation to acetone (Plaut and Lardy, 1951), followed by oxidation 
of the acetone to pyruvate (Sakami and Lafaye, 1951). The injection of labelled 
butyrate into dairy cows resulted in labelling of lactose in amounts which sug- 
gested net synthesis of carbohydrate (Kleiber, Black, Brown, Luick, Baxter and 
Tolbert, 1954). 

When 2-*C-acetate was fed to rats, the °C was incorporated into all degra- 
dation fractions of glycogen by a pathway other than CO, fixation (Lifson et al., 
1948). Lactose was labelled in positions, 1, 2, 5 and 6 as well as 3 and 4 after 
1-*C-acetate was injected intravenously into rabbits, and this indicated some 
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net synthesis of carbohydrate, probably via acetone (Schambye et al., 1953). 
A net gain of glycogen from acetate was suggested by increases in glycogen in 
rat diaphragms in vitro, and liver and skeletal muscle in vivo, together with 
depression of glucose uptake when acetate was provided as substrate or part of 
the diet (Parnes and Wertheimer, 1950a, 1950b). 

Glucose was formed in vitro by rat kidney slices when acetoacetate was 
offered as substrate (Weil-Malherbe, 1938). Injection of acetoacetate or B-OH 
butyrate into rats was followed by a significant increase in cardiac glycogen 
(Lackey, Bunde and Harris, 1947). Radioactivity appeared predominantly in 
positions 3 and 4 of liver glycogen when 1, 3-*C-acetoacetate was given to rats, 
indicating incorporation of *C by way of acetate and the tricarboxylic acid 
cycle. On the other hand, all positions were labelled when 2-*C-acetone was 
given, indicating the direct conversion of acetone to a 3-carbon intermediate of 
glycolysis (Sakami and Lafaye, 1951). Propanediol is a probable intermediate 
between acetone and “pyruvate” (Rudney, 1950, 1954). 

The evidence reviewed indicates that butyrate, acetate and ketone bodies 
may be converted to carbohydrate in non-ruminants. The experiments described 
in this paper suggest that these transformations may be quantitatively more 
important in sheep. 

The negative carotid-jugular differences of reducing power in the Somogyi 
filtrates are difficult to reconcile with accepted physiological chemistry. In non- 
ruminant animals, the liver is virtually the sole source of blood sugar during 
fasting (Soskin and Levine, 1952). Muscle glycogen has remained in appre- 
ciable amounts in hepatectomised dogs despite profound hypoglycemia, and 
this has led to the conclusion that muscle glycogen is incapable of sufficiently 
rapid conversion to glucose to play a significant role in maintaining the blood 
sugar level (Bollman, Mann and Magath, 1925). Falling blood sugar level in 
liverless dogs was not influenced by anterior pituitary extracts (Houssay and 
Foglia, 1936), epinephrin, ether or asphyxia (Soskin, 1927). Although the kidney 
may also contribute to blood sugar in the rat (Reinecke, 1943), dog (Reinecke 
and Hauser, 1948; Cohn and Kolinsky, 1949) and rabbit (Drury, Wick and 
Mackay, 1950), the amounts are hardly significant. The liver has come to be 
regarded, therefore, as the sole source of supply of glucose in the fasting non- 
ruminant animal; that is, the liver is considered the sole site of gluconeogenesis 
(Soskin and Levine, 1952; Baldwin, 1952). 

Moir, Somers and Waring (1956) estimated glucose by the Somogyi method 
in blood taken from ruminant-like marsupials under barbiturate anaesthesia. On 
three occasions when the animals had been fasted, the glucose concentration 
was higher in a vein than in the aorta. It was suggested that, “where liver carbo- 
hydrate reserves are low, stress brings about release of muscle carbohydrate 
into the circulation.” The novelty of this suggestion was not discussed. 

Zierler and Andres (1956) have reported negative arterio-venous differences 
of 1-12-5 mg. glucose/100 ml. in the forearms of resting men. They considered 
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these might arise by diffusion of glucose back from the interstitial fluid when 
glucose concentration in the arterial blood falls. 

Somogyi (1948) has emphasised the importance of adequate analytical 
technique in studies of arterio-venous differences. In the experiments reported 
here the frequency of occurrence and order of magnitude of the negative values 
of reducing sugar virtually eliminated the possibility of experimental error in 
analysis. Haemoconcentrations of 3-35 p.c. would have accounted for the nega- 
tive differences of reducing power. However, the packed cell volume of jugular 
blood seldom excedes by more than 1 p.c. the packed cell volume of carotid 
blood (Kronfeld and Lang, unpublished data). The conclusion remains that the 
negative carotid-jugular differences of reducing power were due to the contribu- 
tion of glucose or other reducing substances by the tissues of the head. This 
suggests that extra-hepatic gluconeogenesis from butyrate, acetate and 8-OH 
butyrate may occur in sheep. 


SUMMARY. 


Solutions of butyrate, acetate and B-OH butyrate were given to sheep by 
intravenous infusion. Samples of carotid and jugular blood were drawn simul- 
taneously before and after infusion. Reducing sugar, volatile fatty acids and 
ketone bodies were estimated in the blood. 

After butyrate infusion, rises in sugar were found when the initial sugar 
level was low, and falls in sugar occurred when the initial level was high. The 
regression of change in sugar concentration upon initial sugar concentration was 
highly significant. Large rises in sugar were associated with small increases 
or negligible change of ketone concentration, whereas small rises or falls in 
glucose were associated with larger increases of ketones. After acetate infusion, 
both ketones and sugar levels increased although the changes were less marked 
than after butyrate. After 8-OH butyrate infusion, there were marked increases 
in blood sugar, and utilisation of volatile fatty acid decreased. Many carotid- 
jugular differences of reducing sugar and ketone bodies were negative after the 
infusion of butyrate, acetate or 8-Ol1 butyrate. 

The experiments suggest that butyrate, B-OH butyrate and acetate may be 
converted to glucose in sheep, that ketones may be intermediaries in the con- 
version of the volatile fatty acids to glucose, and that the tissucs of the head 
may participate in ketogenesis and gluconeogenesis. 
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Experiments have previously been reported which dealt with the effect of 
copper on the response of an Escherichia coli mutant to vitamin B,. and methio- 
nine (Hine, Dawbarn and Smith, 1955). The method of assay employed was 
based on that of Burkholder (1951). The organism used was an Escherichia 
coli mutant No. 8134 from the National Collection of Industrial Bacteria, D.S.L.R., 
England. 

In the course of other work with this organism, we found that sodium acetate 
had a marked stimulatory effect on its growth response to vitamin Biz. When 
extra glucose was added to the medium a decrease in growth response resulted. 
Tests were carried out in which a sterile solution of glucose was added aseptic- 
ally to the tubes after autoclaving, the assay medium itself containing no glucose. 
The effect of this procedure was to modify the dose response line, which became 
smoother and more regular in shape. The minimum and maximum growth re- 
sponses to vitamin B,2 were not consistently different from those previously 
obtained. The addition of extra glucose after autoclaving had no beneficial effect 
with the original medium. There was a very great increase in response to vitamin 
Bi2 when the medium contained 5 mg. sodium acetate per ml. and the glucose 
was added aseptically after autoclaving. 

In the light of these results, it seemed desirable to repeat certain parts of 
the work on the effect of copper. 


EXPERIMENTAL. 


Four experiments were performed, dealing with the effect of copper on 
the response to vitamin B,. and methionine with and without thioglycollic acid 
in the medium. Each test was made with four levels of copper and in two parts, 
one using standard medium, i.e. that with glucose autoclaved in the tubes and 
no acetate, and the other with “modified” medium, containing 5 mg. sodium 


Austral. J. exp. Biol. (1957), 35, pp. 267-272 








268 DENISE HINE, MARY DAWBARN anp JEAN SMITH 


acetate per ml., with glucose added separately. The concentrations of copper 
employed were those shown previously to be significant in the case of the 
standard medium: they included a control (no copper), and levels having slight, 
moderate and maximal effects. The investigation covered only the range of 
concentrations of vitamin B,. and methionine employed as standards for assay 
purposes, viz. 0 to 0-8 myg. Bo per tube, and 0 to 40 yg. methionine per tube. 

The experiinents were carried out by the method previously described (Hine, 
Dawbarn and Smith, 1955), except for the changes in the modified medium. All 
tests were performed at least in duplicate. 


RESULTS. 


The effect of copper on the response to vitamin B,. 
in the absence of thioglycollic acid. 


The modification of the medium resulted in greatly increased growth with 
vitamin B,., and at the concentrations used, copper had little effect, although 
there was some stimulation at the highest level of copper. This lack of effect 
was in contrast to the decrease in growth response observed when standard 
medium was used (Fig. 1). 
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Fig. 1. The effect of copper on the response of E. coli to vitamin Bu 
in the absence of thioglycollic acid. 


(a) Standard medium. (b) Modified medium. 


The effect of copper on the response to methionine 
in the absence of thioglycollic acid. 

As previously reported, copper was very much less toxic in standard medium 
when methionine was the growth factor. With modified medium the growth 
response to methionine was greatly enhanced, and copper had a stimulatory 
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effect (Fig. 2). At 0-01 p.c. concentration there was some falling off in response 
to the highest levels of methionine, but 0-004 p.c. was markedly stimulatory, 
permitting growth to a degree which in the absence of copper required about 
30 p.c. more methionine. 
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Fig. 2. The effect of copper on the response of E. coli to methionine in 
the absence of thioglycollic acid. 


(a) Standard medium. (b) Modified medium. 
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Fig. 3. The effect of - on the response of E. coli to vitamin Bus 
in the presence of thioglycollic acid. 


(a) Standard medium. (b) Modified medium. 
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The effect of copper on the response to vitamin By» 
in the presence of thioglycollic acid. 


These conditions were found to be the most severe in the case of standard 
medium, 0-001 p.c. copper being sufficient to cause almost complete suppres- 
sion of growth. However, as will be seen from Fig. 3, with modified medium 
0-001 p.c. copper reduced growth only to that obtained with about two-thirds 
as much vitamin Bj. in the absence of copper. 

The increased growth response to vitamin B,2 brought about by the modifi- 
cation of the medium was still apparent in the presence of thioglycollic acid. 


The effect of copper on the response to methionine 
in the presence of thioglycollic acid. 


The addition of thioglycollic acid did not appreciably alter the results with 
standard medium, but prevented an increase in growth response to methionine 
in modified medium. The stimulatory effect of copper, however, was greatly 
enhanced by thioglycollic acid. Organisms growing in the presence cf 0-0(002 
p.c. copper required only about half as much methionine as those without copper, 
and 0-004 p.c. was highly stimulatory at all but the top levels of methionine. 
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_ Fig. 4. The effect of copper on the response of E. coli to methionine in 
in the presence of thioglycollic acid. 


(a) Standard medium. (b) Modified medium. 


DISCUSSION. 


This series of experiments confirms the earlier finding that with the stan- 
dard medium copper inhibited the growth of an E. coli mutant supported by 
vitamin B,>2 to a much greater degree than when it was dependent on methionine. 
The effect was more marked in the presence of thioglycollic acid. 
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When the medium was modified by the inclusion of acetate and by adding 
the glucose aseptically after autoclaving, the toxicity of copper for growth on 
vitamin By. was very greatly reduced. Indeed, in the absence of thioglycollic 
acid there was little evidence of any inhibition at concentrations up to 0-004 
p.c. copper. As with the standard medium the addition of thioglycollic acid 
resulted in increased toxicity of copper for growth on vitamin B,2. Copper at 
a concentration of 0-001 p.c. permitted only the same amount of growth as was 
supported by two-thirds as much vitamin B,, in the absence of copper. 


In the case of methionine, with standard medium 0-002 p.c. and 0-01 p.c. 
copper both caused a decline in growth response, whether or not thioglycollic 
acid was present. When modified medium was used, copper had a definitely 
stimulatory effect. Without thioglycollic acid 0-004 p.c. and 0-01 p.c. copper 
were both more stimulatory than 0-0002 p.c., except at the top levels of methio- 
nine where 0-01 p.c. caused a slight falling off in response. With thioglycollic 
acid, greatest enhancement was observed with 0-0002 p.c. copper. 


It is apparent that the toxicity of copper is largely dependent upon one 
or both of the factors which distinguish the standard from the modified medium, 
i.e. the presence of glucose during autoclaving and the lack of acetate. With 
both media copper was added to the tubes before autoclaving. This finding 
need not vitiate the interpretation already placed on the results with standard 
medium. If not copper itself, then some system of which copper is an essential 
component, has a differentially inhibitory effect on the growth dependent on 
vitamin B,. or methionine, so that only a fraction of the amount of copper is 
required to depress the growth dependent on vitamin B,, compared with that 
needed when methionine is the growth factor. 


SUMMARY. 


The basal medium for an E. coli mutant requiring vitamin B;2 or methionine 
has been modified by the inclusion of 5 mg. sodium acetate per ml. and by 
sterilizing the glucose separately and adding it aseptically after autoclaving. 
This resulted in a great improvement in growth response to vitamin B;2. Extra 
glucose had no beneficial effect when added to tubes already autoclaved with 
standard medium. 

The effect of copper on the growth response of E. coli mutant to vitamin 
Bie or to methionine differed according to the medium used. Each medium was 
tested with and without thioglycollic acid. 


The findings previously reported for the inhibitory effect of copper with 
standard medium were confirmed, i.e. that much more copper is required to 
depress growth when methionine is the growth factor than when the organism 
is dependent on vitamin By». 








272 DENISE HINE, MARY DAWBARN anp JEAN SMITH 


With the modified medium the toxicity of copper was greatly reduced. At 
the levels tested it had little effect on the growth response to vitamin B,»2 in the 
absence of thioglycollic acid. In its presence 0-001 p.c. copper, which with the 
standard medium suppressed growth almost entirely, permitted growth equiva- 
lent to that with two-thirds as much vitamin Bj, in the absence of copper. With 
methionine the effect of copper in the modified medium was mainly stimulatory. 

The toxicity of copper in the tests with standard medium would seem to 


be dependent in some way on substances produced during autoclaving in the 
presence of glucose, and without acetate. 
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In the earlier papers in this series it was reported that the withdrawal of 
cobalt from the diet leads to an immediate fall in the vitamin Bj:-activity in the 
rumen contents and the excreta of sheep. In the rumen contents the decline in 
activity was completed within a week while the excretion in urine and faeces 
reached equilibrium in twelve days (Hine and Dawbarn, 1954; Dawbarn and 
Hine, 1955). 


In the series of observations reported here an estimation has been made of 
(1) the rate of fall in the concentration of vitamin B,2 in the blood of sheep 
after they have been taken from normal pastures and confined in pens to cobalt 
deficient rations (Marston and Smith, 1952); and of (2) the concentration of 
vitamin B,»2 in the blood of sheep when the symptoms of deficiency first appear. 


METHOps. 


Blood was collected into a syringe containing heparin (10 I.U. per ml. blood) and centri- 
fuged. The supernatant plasma was removed with a pasteur pipette and stored at — 20° C. 
prior to assay. An extract of the plasma was subsequently prepared by the method of Ford 
(1953a). Plasma was diluted with about 8 times its volume of water, 0-2 ml. 1 p.c. KCN 
per 5 ml. plasma was added and the pH was adjusted to 5-1. After 10 minutes’ autoclaving 
at 10 lb. pressure, the volume was made up to 10 times that of the plasma and the precipi- 
tated protein was removed by filtration. The vitamin B,-activity in all the plasma extracts 
was determined by the L. leichmannii assay (Dawbarn and Hine, 1954). Assays using 
Ochromonas malhamensis as the test organism (Ford, 1953b) were carried out on the first 
series of plasmas collected while the sheep were on pasture. The results obtained by the two 
methods were almost the same. In a series of 19 plasmas which ranged from 2:6 to 12-3 
myg./ml. plasma in vitamin B,.-activity the difference between the L. leichmannii and 
Ochromonas estimates varied from 0:0 to 0-3 myg./ml. The mean values for the series 
were 5-30 and 5-36 as determined by the two methods. 


The following tests on the procedure were also made. Incubation of blood plasma with 
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crystalline trypsin did not increase the estimated vitamin B,,-activity of the plasma. An 
apparent small increase was traced to the presence of vitamin B,,-activity in the trypsin. 
The addition of heparin at concentrations equal to those in the diluted plasmas had a 
negligible effect on the response to standard amounts of vitamin B,,. 
The recovery of pure vitamin B,,. added to plasma before extraction was measured, with 
the following results: 
B,. in plasma 2-20 mug./ml. 
B,. added 2-00 mypg./ml. 
B,. found 4-16 myg./ml. 


RESULTS AND DISCUSSION. 


The results of these assays have been presented in Table 1 and in Fig. 1. 
The initial values for the vitamin B,2-activity in blood plasma were based 
on the assay of samples collected 
while the sheep were grazing on 
normal pasture. Five weeks later 
, they were confined to pens and fed 
ol upon a diet of wheaten-hay chaff 

containing 5 p.c. gluten. The cobalt 
content was less than 0-02 mg. per 
kg. dry wt. The sheep were 
divided into two groups each of 10 
animals. In group 1 assays were 
carried out after 11 days on the 
deficient diet, and the level of 
\ vitamin B,»-activity in the plasma 
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had already declined. After 53 
\ days the mean had fallen to one- 
» | \ sixth and after 103 days to one- 
tenth of the original value. At this 
Tie time the sheep showed no outward 
nein signs of the deficiency. Even after 
Ghoditdaliech n ! 210 days the mean food intake had 
ag "bape on dutta tak fallen only to 87 p.c. of its highest 
Fig. 1. Vitamin Bu-activity in the blood | value. Five weeks later, after 35 
plasma of sheep removed from pasture and fed weeks on the deficient diet. the 
on a cobalt deficient diet. , re 
mean daily food consumption had 
fallen to two-thirds and it continued to fall thereafter. In the plasma the activity 
was then 0-19 myg./ml. as compared with 4-4 myg./ml. on pasture. 
After the second group of 10 sheep had been on the cobalt-deficient diet for 
35 weeks the mean concentration of vitamin B,2 in their blood plasmas declined 
to 2-5 p.c. of its original value. 
Symptoms of cobalt deficiency may be expected to supervene when the mean 
vitamin B,.-activity in the blood plasma falls to about 0-2 myg./ml. There is 
considerable variation, however, among individual animals (Table 1). 
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TABLE l. 
Vitamin B,, activity in blood plasma. 
Sheep on pasture until 1.7.55, then on a diet of wheaten-hay chaff and 5 p.c. gluten, ad lib. 
Diet contained < 0-02 p.p.m. cobalt. 
mpg. B,,/ml. plasma L. leichmannii assay. 















































Date | 25.5.55 | 11.7.55 | 25.7.56 | 8.8.55 | 22.8.55 | 5.9.55 | 11.10.55 1.3.56 
Shee Days on | 
No. | deficient 11 25 39 53 | (67 103 245 

diet | 
284 3-1 3-5 1-72 | 1-43 | 0-93 | 0-70 | 0-45 | 0-190 
114 3-7 1-44 | 0-74 | 0-64 | 0-42 | 0-35 | 0-29 | 0-135 
278 5-2 3-9 2-8 | 2-1 1-25 | 0-62 | 0-38 | 0-27 
101 5-2 | 4-1 2-9 | 1-91 | 0-74 | 1-09 — 0-156 
239 4-2 | 1-938 | 2-4 1-47 | 0-71 — 0-42 | 0-26 
338 6-3 | 3-1 2-6 | 1-03 0-72 0-61 0-49 | 0-34 
337 4:8 | 5-9 2-7 | 1-33 | 0-64 | 0-72 | 0-34 | 0-107 
100 3-4 | 2-1 1-33 | 1-45 0-89 0-68 0-44 0-142 
189 4-4 | 2-15 | 1-03 | 1-04 | 0-69 | 0-44 | 0-32 | 0-149 
246 37 | 27 1-29 | 0-93 | 0-41 | 0-44 | 0-32 | 0-119 
Mean | 4-4 | 3-1 | 1-95 | 1-33 | 0-74 | 0-62 | 0-39 | 0-187 
109 3-1 | | 0-53 | 0-143 
282 3-3 | | | 0-30 | 0-127 
253 5-6 | | 0-39 | 0-129 
295 5-4 0-32 | 0-126 
350 | 2-6 | | | | 0-50 | 0-125 
045 | 5-2 | | | 0-56 0-160 
013 | 9.9 | 0-48 | 0-21 
136 | 72 | | 0-47 | 0-154 
158 | 12-3. | | | 0-67 | 0-22 
029 | | 6-4 | | | | 0-48 | 0-180 
Mean | | 6-1 | | | | | 0-47 | 0-157 

SUMMARY. 


Two groups of sheep, each comprising 10 animals, were removed from 
normal pasture, confined in pens and fed upon a cobalt deficient diet of wheaten- 
hay chaff and gluten. 

Samples of blood plasma were taken for vitamin B,2 assay at the beginning 
and thereafter at intervals for 35 weeks, when signs of cobalt deficiency were 
apparent in most of the animals. A gradual fall in the vitamin B,».-activity was 
observed. In the two groups the mean values fell to 4 p.c. and 2-5 p.c. of the 
initial activity. 

It is concluded that when the level of vitamin B,:-activity in the blood plasma 
falls to about 0-2 myg./ml. signs of cobalt deficiency may be expected to occur. 


Acknowledgments. We should like to thank Mr. H. R. Marston, F.R.S., Chief of the 
Division of Biochemistry and General Nutrition, for inviting us to carry out these tests on 
his experimental animals, and for giving us access to the data on body weight and food 
intake. We are also indebted to Mr. D. W. Dewey for having collected the blood samples. 








276 MARY DAWBARN, DENISE HINE anno JEAN SMITH 


REFERENCES. 


Dawbarn, M. C., and Hine, D. C. (1954): Austral. J. exp. Biol., 32, p. 1. 
Dawbarn, M. C., and Hine, D. C. (1955): Ibid., 33, p. 335. 

Ford, J. E. (1953a): Personal communication. 

Ford, J. E. (1953b): Brit. J. Nutrition, 7, p. 299. 

Hine, D. C., and Dawbarn, M. C. (1954): Austral. J. exp. Biol., 32, p. 641. 
Mauston, H. R., and Smith, R. M. (1952): Nature, 170, p. 792. 








CHANGES IN SERUM LIPIDS AND IN AORTIC 
ATHEROSCLEROSIS FOLLOWING TOLUIDINE BLUE AND 
HEPARIN ADMINISTRATION TO CHOLESTEROL FED 
RABBITS 


ALLAN J. DAY, GWENDOLINE K. WILKINSON, COLIN J. SCHWARTZ! 
AND J. A. PETERS 


(From the Department of Human Physiology and Pharmacology, 
University of Adelaide). 


(Accepted for publication 5th January, 1957.) 


Conflicting reports have been made recently regarding the effect of heparin 
administration on the serum lipids in rabbits. Graham et al. (1951) and Constan- 
tinides et al. (1953) have demonstrated that heparin reduces the Sf 12-20 lipo- 
proteins and also the visible lipemia and the hypercholesterolemia in cholesterol 
fed rabbits. Nikkila (1953), however, has failed to produce any heparin effect 
on the visible lipemia under similar circumstances. Horlick and Duff (1954), 
although they describe a reduction in atheroma in heparin-treated rabbits, could 
not demonstrate any significant change in the serum lipids during the cholesterol 
feeding. Further, Schumaker (1956) has failed to show any change in the 
chemical composition of lipoproteins due to heparin in cholesterol fed rabbits. 
In view of these diverging opinions, the effect of administration of long acting 
Heparin Retard on the serum total esterified fatty acids, serum phospholipid, 
serum cholesterol and serum lipoproteins, during a period of cholesterol feeding, 
has been investigated. At the same time the effect of the heparin-antagonist, 
toluidine blue, on the same fat fractions of cholesterol fed rabbits was investi- 
gated, to determine whether its administration would increase the lipemia and 
accelerate atherogenesis. This latter investigation was carried out as it has been 
claimed that heparin reduced the severity of atherosclerosis in rabbits (Graham 
et al., 1951; Constantinides et al., 1953). It might be expected, therefore, that 
toluidine blue would have the opposite effect to heparin in atherogenesis since 
it has been shown to elevate the blood lipids and lipoproteins in normally fed 
rabbits (Hewitt et al., 1953; Day, Wilkinson and Schwartz, 1956). 





1 This work was aided by a grant from the National Health and Medical Research Council. 
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METHODS. 


Experiment I. Eighteen mongrel rabbits of mixed sexes varying in weight from 1-3-2-0 
kg. were randomised into three equal groups. Each rabbit was fed a daily diet consisting of 
0-75 gm. cholesterol and 4:5 ml. peanut oil in 75 gm. of standard rabbit mash. Daily injec- 
tions were administered to each rabbit. The first group served as controls and received 
normal saline, the second group were given 45 mg. of toluidine blue subcutaneously, while 
the third group received 2000 units of intramuscular Heparin Retard (Boots). Blood was 
taken from each animal prior to the commencement of the experiment and subsequently at 
3, 8, 15 and 29 days after its commencement. Serum cholesterol, phospholipid, total esteri- 
fied fatty acids and lipoproteins were determined in each rabbit on each occasion. 


Experiment II. Twenty-two similar rabbits (1-3-1-8 kg.) were randomised into three 
groups with 6, 8 and 8 rabbits respectively. These animals were all fed daily 1-0 gm. 
cholesterol and 6 ml. peanut oil, together with 75 gm. rabbit mash. The first group were 
controls receiving saline injections as before, the second and third groups were given daily 
60 mg. toluidine blue and 2000 units of Heparin Retard respectively. Serum lipids and 
lipoproteins were determined as before at 0, 4, 7, 14 and 28 days after the commencement 
of the experiment. 


Experiment III. Twenty-four rabbits (1-1-2-4 kg.) were used in this series. All animals 
were fed 1-0 gm. cholesterol, 6 ml. peanut oil with 75 gm. rabbit mash daily for 14 days, 
serum lipids being determined prior to commencement of the feeding and at 14 days after 
its commencement. At the end of 14 days the rabbits were matched into pairs. This was 
done on the basis of weight, sex and serum lipid levels at the end of this period. The 
rabbits were randomised into two groups, one rabbit from each pair being in the control 
group, the other being in the test group. Injections were commenced 16 days after the 
feeding started, the control rabbits being given subcutaneously 4 ml. saline, while the test 
animals were given subcutaneously 60 mg. toluidine blue in 4 ml. saline, daily. Serum 
lipids were determined again at 5 and 13 days after the first injection. The animals were 
subsequently sacrificed at 31 days, their aortae removed and the atheroma present graded 
macroscopically. 


Serum lipid and lipoprotein determinations. Serum cholesterol was determined by the 
method of Zlatkis, Zak and Boyle (1953), serum phospholipid by the method of Brown (1954) 
and total esterified fatty acids by the method of Stern and Shapiro (1953). Lipoproteins 
were determined as described by Swahn (1953). These methods were modified slightly as 
described in a previous communication (Day, Wilkinson and Schwartz, 1956). 


Atheroma grading. Atheroma was graded macroscopically as described by Day and 
Wilkinson (1956). 


Statistical Analysis of data. In experiments I and IJ, most of the statistical analyses 
(which are not presented here) were carried out using the logarithmic transforms of the 
observations. This transformation rendered variation in the data more homogeneous, and 
eliminated some skewness in the variation. The experimental observations were not, in 
general, analysed separately for each phase of the experiment. Instead, for each animal 
and for each serum fraction, the mean level over all phases and the linear and quadratic 
(orthogonal) components of curvature were computed from the transformed data. The three 
groups of animals were then compared with respect to these components. In this way more 
sensitive tests of significance were obtained as it was expected that any differences between 
the groups would tend to persist and increase in proportion to the actual levels of the serum 
fractions. For experiment III, in which the animals were paired for determining the effect 
of toluidine blue, the pair differences were tested separately at each phase. 
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TOLUIDINE BLUE, SERUM LIPIDS AND ATHEROMA 
RESULTS. 


Table 1 presents a summary of the experimental data for the first series of 
cholesterol fed rabbits. The mean values for each group with respect to the 
lipid and lipoprotein fractions, together with the estimated standard error of 
the mean, are given. Table 2 gives the corresponding data for the second series 
of rabbits. 


TABLE 1. 


Mean serum lipid and lipoprotein values together with their estimated standard errors during the 
course of the first experiment with cholesterol fed rabbits. 











Group | 0 Days | 3Days | 8 Days | 15 Days | 29 Days 
Fatty acids | Control 288+ 20-4) 357+24-6| 686+79-4 _— |1267 +147. 
(mg./100 ml.) | Heparin | 248+12-5) 373+51-6) 445+ 18-8) -- 953 +52-2 
| Toluidine blue | 260+27-0; 782+93-2/1100+ 62-9) = 11205-+159. 
ae 
Cholesterol | Control | 130+6-49) 445+445-9| 724+41-6)1068+88-4/1702+ 159. 














(mg./100 ml.) | Heparin | 138-£13-0 433435-4| 726+456-2|1098 + 66-8|1168 +.40-5 

| Toluidine blue | 113+8-67) 534+51 0) 646 +49-4)1013+77 “8/1393 + +120. 

Phospholipids | Control 119+8-05| 2434 25-0) 423425 r 600 +.59-4| 881481-5 
(mg./100 ml.) | Heparin 115+2-50) 16145-94| 386432-5| 5951+43-9| 615+50-9 

| Toluidine blue | 102+3-64) 3094 42-7| 529+61-8| 596 435-8) 769+93-2 

B-lipoprotein Control — 532489-6) 922+99-2 — 2273+ 155. 
(mg. lipid/ | Heparin ae 418+45-2| 863-4138. | _ 1295+95-3 
100 ml.) Toluidine blue a }1100+ 212. |1560 + 250. | ~~ |18404 181. 

| | 
TABLE 2 


Mean serum lipid and lipoprotein values together with their estimated standard errors during the 
course of the second experiment with cholesterol fed rabbits. 





T 
Group | O Days | 4 Days 








7 Days | 14 Days | 28 Days 
Fatty acids Control | 3744.32-9] 724444-8| 949483-8) — 12184101. 
(mg./100 ml.) Heparin | 362 +24-6| 450453-2| 764+473-5| — | 847+ 88-8 
Toluidine blue 3| -— |1065 + 93-6 
| 





366+35- 2| 809 + 106. | 924+ 80- 
| 
| 
| 
| 
| 








Cholesterol Control — 532+65-1) 734+73-4/1630+ 155. |2545+ 213. 
(mg./100 ml.) | Heparin 2 470-4+72-8| 746482- 1/1503 + 153. |1921 +201. 
Toluidine blue | a 513+69-9) nomi innit stuns 

Phospholipid Control | 151417-6| 335-+-26-2| 402+30-0| 6494.53-8| 877+4.59-9 
(mg./100 ml.) | Heparin | 129+8-99) 298+31-2) 400+48-5| 604+51-2 699 1 + 63-1 
Toluidine blue | 129+7-50) 353438-5) 388+423-4) 675+453-0) 755+48°1 

B-lipoprotein Control — | 532 +.53-1/1210+. 137. | — 2933 +183. 
(mg. lipid/100 | Heparin — ome 66-3)1148 + 169. | — 2450+ 409. 
ml.) Toluidine blue | — | 7774109. |1467 + 158. — [2030-4 241, 











DAY, WILKINSON, SCHWARTZ anp PETERS 







: 


8 


g 





FATTY ACIDS (MG./100 ML.) 





8 








4 i 1 a 4 4 i — | 4 
i) « 8 12 16 20 uu 23 0 4 & 12 16 2 u“ te) 
TIME IN DAYS TIME IN DAYS 
Qa Qqua@ Qu=8 
TOLUIDINE BLUE CONTROL HEPARIN 


Fig. 1. The effect of daily administration of heparin and of toluidine 
blue on the serum total esterified fatty acids in cholesterol fed rabbits. 
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Fig. 2. The effect of daily administration of heparin and of toluidine 
ae on the serum cholesterol and serum phospholipid in cholesterol fed 
rabbits. 
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The effect of heparin on the serum lipids. 


The effect of heparin on the total esterified fatty acids is shown in Fig. 1 
where the rise in level in the animals receiving heparin is contrasted with that 
in those receiving saline. The administration of heparin to cholesterol fed 
rabbits can be seen to be associated with a reduction in the rate of rise of serum 
total esterified fatty acids. This reduction was found to be highly significant 
(p <0-01) in the second series of rabbits, though in the first series statistical 
significance was not attained. 

Fig. 2 shows the changes occurring in the serum cholesterol and in the 
serum phospholipid as a result of heparin administration. In both experiments 
heparin has been associated with a reduction in the rate of rise of the cholesterol 
and the phospholipid fractions. This effect was found to be significant in the 
first experiment with respect to both phospholipids (p< 0-05) and cholesterol 
(p<0-05). In the second experiment, however, greater variation precluded a 
statistically significant conclusion with either fraction. It must be pointed out 
that the significance with respect to cholesterol in the first series of animals was 
dependent on the divergence of the curves, an effect not manifested in the second 
experiment, and it is therefore possible that this 5 p.c. significance was a spurious 
finding. 

The effect of heparin on the serum lipoproteins can be seen from Fig. 3. 
These graphs show the changes in a- and £-lipoprotein of the heparin group 
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Fig. 3. The effect of daily administration of heparin and of toluidine 
blue on the serum lipoproteins in cholesterol fed rabbits. Solid line: 
B-lipoprotein. Interrupted line: a-lipoprotein. 
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and contrast them with those of the control group. The a-lipoprotein was not 
altered either by the cholesterol feeding or by the administration of heparin. 
The £-lipoprotein was increased by cholesterol feeding, but the rise in the 
heparin group was less than that in the controls. This reduction by heparin of 
the rate of rise of §-lipoprotein was shown to be statistically significant 
(p <0-01) at the one-month level but not in the earlier phases of the experiment. 


The effect of toluidine blue on serum lipids. 


An effect on the serum total fatty acids, opposite to that of heparin, was 
shown by the rabbits receiving toluidine blue. Fig. 1 compares the accelerated 
rate of rise of the fatty acids of the animals receiving toluidine blue with the 
reduced rate of rise of the animals receiving heparin. The elevating effect of 


TABLE 3. 


The effect of toluidine blue on the serum total fatty acids. Experiment III. (Administration commenced 
at 16 days.) 





Total Fatty Acids (mg./100 ml.) 

















| | 
Group Rabbit No. O Days 14 Days | 21 Days 29 Days 

Pl } 180 354 | 450 770 

P2 285 864 1200 1100 

P3 355 950 1430 1480 

P4 165 510 760 1300 

P5 270 516 720 1100 

P6 265 706 1030 1650 

Control P7 390 400 730 1250 
P8 185 510 610 770 

P9 390 853 1080 850 

P10 200 380 630 830 

Pll 425 874 1100 1320 

P12 420 1472 1150 1100 

Mean 294 699 908 1127 

P13 230 434 1540 2300 

P14 330 958 1690 1400 

Toluidine P15 305 532 1540 2980 
Blue P16 240 526 1640 1950 
Pi7 425 494 1250 1320 

P18 345 1022 1810 1740 

P19 285 653 2000 1350 

P20 355 736 1580 1100 

P21 280 1166 2950 1530 

P22 235 528 1850 1850 

P23 265 874 2650 2530 

P24 400 1320 3330 4750 

Mean 308 770 1986 2067 
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2100 - —, toluidine blue was highly signifi- 
5 i es0}- | cant (p <0-01) in the first experi- 
g ment, but the smaller effect and 
g Or ; larger variation precluded a statis- 
S oul tical conclusion in the second ex- 
E - periment. It will be noted that the 
< —— initial rise caused in the toluidine 
oe ee N N ! nl 45 blue group was overtaken by that 
= 1300 in the control group by the one- 
g aid month point. This “tailing off” of 
z the effect corresponded with the 
= 1080 progressive deterioration in the 
FE - oy condition of the animals, the toxic 
- ra effect of toluidine blue being mani- 
= 360 fested by reduction in the dietary 
. a — , 4 intake of cholesterol. 





In the third experiment, in which 


the toluidine blue administration 
was delayed until cholesterol feed- 
ing had been in progress for over 
a fortnight, the effect on the fatty 


acid level was most marked. Table 
3 gives the individual figures for 
the two groups of rabbits, control 
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' e. 
‘ 


— ! ! l J 

4 17 2 2% % ® and toluidine blue. Fig. 4 demon- 
—<—""" strates that following toluidine blue 
a a injections the mean total fatty acids 
Fig. 4. The effect of toluidine blue on the were increased to more than twice 
serum lipids in pyspenie —. Ex- that of the control group. This 

eriment III. Toluidine blue administration : arise 
enc at the arrow. effect was highly significant (p< 


0-001). 

The effect of toluidine blue on both the serum cholesterol and on the serum 
phospholipid is illustrated in Fig. 2. Toluidine blue produced a highly signi- 
ficant (p < 0-01) increase in the phospholipid level in the first series, but statis- 
tical significance was not attained for the phospholipid in the second series or 
for the cholesterol in either series. 


Fig. 4 shows the effect of toluidine blue on the serum phospholipid and 
serum cholesterol in the third experiment, i.e. where the dye administration 
commenced 16 days after the initiation of cholesterol feeding. The individual 
values of the rabbits considered are tabulated in Tables 4 and 5. Under the 
circumstances of this third experiment an elevation in both the phospholipid and 
cholesterol levels occurred following the toluidine blue, but these levels were not 
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TABLE 4. 
The effect of toluidine blue on the serum phospholipid. Experiment III. (Administration commenced 
at 16 days.) 
Phospholipid (mg./100 ml.) 
Group Rabbit No. 0 Days 14 Days 21 Days 29 Days 
Pl 47 270 310 460 
P2 125 620 750 640 
P3 143 375 790 760 
P4 60 460 660 910 
P5 130 395 550 600 
P6 86 545 800 1100 
Control P7 93 310 540 820 
P8 69 360 420 560 
P9 150 600 760 730 
P10 71 320 430 620 
Pll 152 460 780 850 
P13 130 875 980 840 
Mean 105 466 648 741 
P13 130 390 760 940 
Pl4 127 600 910 630 
P15 132 370 850 960 
Toluidine P16 82 440 960 900 
Blue P17 147 425 860 780 
P18 147 690 990 680 
P19 93 470 960 730 
P20 135 400 760 700 
P21 118 725 1180 750 
P22 114 410 985 870 
P23 102 580 1000 950 
P24 160 790 | 1220 1260 
Mean 124 524 953 846 
l 














sustained. With the onset of an apparently toxic anorexia both fractions fell to 
control values. Statistical evaluation demonstrated a highly significant elevation 
(p <0-001) in the phospholipid level at 21 days (i.e. 5 days after commence- 
ment of the injections), but no significant effect at 29 days. The effect on the 
cholesterol level did not attain significance at any point. 


The effect of toluidine blue on the serum lipoproteins is illustrated in Fig. 3. 
in the earlier stages of both experiments toluidine blue produced an elevation 
in the £-lipoprotein, but no effect on the a-lipoprotein. However, by the 28 days’ 
period these differences were offset by the falling cholesterol intake due to the 
toxic effects of the dye. Statistical evaluation of the effect of toluidine blue on 
B-lipoprotein revealed a highly significant increase (p <0-01) due to the dye 
in the early phase of the experiment, but no significant effect towards the end. 














TABLE 5. 


The effect of toluidine blue on the serum cholesterol. Experiment III. (Administration commenced 
at 16 days.) 
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Cholesterol (mg./100 ml.) 


















































Group Rabbit No. 0 Days 14 Days 21 Days 29 Days 
Pl 48 | 570 1000 | 1140 
P2 97 1450 1220 1040 
P3 98 1230 1460 1580 
P4 54 1250 1560 2160 
P5 101 1220 1520 1920 
Control P6 65 1540 1620 2720 
P7 79 700 1200 2120 
P8 69 1180 1120 1580 
P9 | 150 | 1800 1680 1600 
P10 60 830 900 1400 
Pll 118 1630 1760 | 1860 
Pl2 107 2900 | 2240 | 1850 
Mean 87 1358 1440 | 1748 
| | 
P13 81 850 1320 1940 
P14 118 | 1410 1540 1250 
P15 100 | 1050 1460 1980 
P16 67 | 1400 1760 1760 
Toluidine P17 101 1400 1740 1800 
Blue P18 162 1720 1500 1140 
P19 80 990 1520 1080 
P20 115 1000 1420 1120 
P21 83 2120 1920 1220 
| P22 80 940 1740 1340 
P23 78 1490 1750 1600 
P24 89 1840 1780 2200 
Mean | 96 1351 1621 1536 
| 
TABLE 6. 
The effect of toluidine blue on atherogenesis in cholesterol fed rabbits. 
Control Group Toluidine Blue Group 
Rabbit No. Atheroma Grade Rabbit No. Atheroma Grade 
Pl I P13 0 
P2 I Pl4 0 
P3 II P15 II 
P4 I P16 I 
P5 Il P17 I 
P6 III P18 Il 
P7 I P19 0 
P8 I P20 II 
P9 I P21 I 
P10 I P22 0 
Pll I P23 I 
P12 I P24 I 
I- Mean I 
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The effect of toluidine blue on atherogenesis. 


Table 6 gives the degree of atheroma of the aortae of the individual rabbits 
as determined by macroscopic grading. No increase in atheroma has occurred 
in the test group as compared with the control rabbits. The gross increases in 
the total fatty acid level produced by toluidine blue in these animals were there- 
fore not associated with any increase in atherogenesis. The atheroma correlated 
more closely with the serum cholesterol, with respect to which the two groups 
behaved similarly. 


DISCUSSION. 


The results described suggest that heparin administration to cholesterol fed 
rabbits is associated with a lowering of the serum lipid levels and in particular 
the serum total esterified fatty acid level. These findings are best interpreted 
in terms of the concept developed recently, that heparin clearing is dependent 
on the hydrolysis of triglycerides with the consequent removal of the free fatty 
acids liberated (Nichols et al., 1952; Grossman et al., 1954; Robinson and French, 
1953). If one accepts this mechanism of heparin clearing it follows that the 
most sensitive index of heparin action would be a reduction in esterified fatty 
acids. In fact, while considerable controversy exists as to whether heparin in- 
fluences cholesterol and phospholipid, etc., it is significant that where fatty acid 
measurements are made definite effects have been recorded. Thus in post- 
prandial rats, heparin has been shown to reduce the total fatty acids (Brown, 
1952; Grossman et al., 1954) and in human subjects it has been shown to reduce 
the total fatty acids under similar circumstances (Day et al., 1957a). These 
definite effects of heparin on the fatty acids have been demonstrated in the 
absence of any constant effect on the other serum lipid fractions. Further, in 
a separate communication from this laboratory (Day et al., 1957b), acute adminis- 
tration of heparin to rabbits has been shown to reduce consistently the total 
esterified fatty acids, but to alter the serum cholesterol and phospholipid only 
under conditions of hyperlipemia. It is submitted therefore that if one measures 
the total fatty acids in rabbits heparin can be shown to produce antilipemic 
changes, but if the other lipid fractions are determined less consistent effects 
will occur. 

Regarding the effect of toluidine blue on the serum lipids the results demon- 
strate that this substance elevates the total esterified fatty acids, the phospho- 
lipid and the £-lipoprotein in cholesterol fed rabbits. These changes are just 
the reverse of those produced by heparin under similar circumstances and it is 
reasonable to assert that the lipemia producing effect of toluidine blue is due to 
elimination of circulating heparin. Bragdon and Havel (1954) have shown that 
toluidine blue elevates the lipids in fasting rats, while Hewitt et al. (1953) have 
elevated the Sf 12-20 lipoproteins in rabbits by this substance. Both these 
groups of workers have interpreted their findings as supporting a rdle for cir- 
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culating heparin in normal fat turnover. In a previous communication (Day, 
Wilkinson and Schwartz, 1956), toluidine blue was shown to elevate the serum 
lipids and lipoproteins in normally fed rabbits and the action of toluidine blue 
in terms of the physiological role of heparin was discussed. It was pointed out 
that an alternative mechanism for its action could be the toxic effect of toluidine 
blue causing the lipemia. In this present work it is significant that the lipid 
changes were maximal early in the experiment. As the administration was con- 
tinued and the animals became affected by the toxicity of the dye, the earlier 
increased lipid levels were reversed and fell to those of the control group. 

As regards the atheroma produced in the cholesterol fed rabbits, the results 
described indicate that toluidine blue does not increase atherogenesis, despite 
the marked elevation it produces in the total fatty acids. It has been shown 
(Day and Wilkinson, 1956) that the severity of atheroma in cholesterol fed 
rabbits correlates with the serum cholesterol level, and not with the serum 
fatty acids or phospholipid level, or even with the cholesterol : phospholipid 
ratio. Where these other lipid fractions correlate with the serum cholesterol, 
they are also related to the severity of atheroma, but where they vary inde- 
pendently of it, atherogenesis is unaffected. It is significant in this present 
work that during the atherogenetic period the mean serum cholesterol level 
maintained in both control and toluidine groups was approximately the same. 
Although some elevation occurred after the commencement of the injections, 
by the end of the experiment the level of the toluidine blue group had fallen 
considerably below that in the control. This is in contrast to the grossly elevated 
total fatty acid level in the test group for the whole period of the administration. 
It is. probable, therefore, that the toluidine blue failed to influence the athero- 
genesis, as it was unable to maintain the cholesterol at a higher than control level. 


SUMMARY. 


The daily administration of long-acting Heparin Retard to cholesterol fed 
rabbits produced a significant reduction in the serum levels of total fatty acids, 
phospholipid and £-lipoprotein. 

Toluidine blue produced a significant elevation in the same three fractions 
under similar circumstances. 

Despite the lipid changes produced, toluidine blue failed to increase the 
amount of aortic atheroma developed in the cholesterol fed rabbits. 

The significance of these findings in terms of the physiological réle of 
heparin in fat transport and its significance in atherogenesis is discussed. It is 
concluded that substances affecting serum lipid components do not influence 
atherogenesis unless they alter the serum cholesterol level. 
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SOME ASPECTS OF THE PHARMACOLOGY OF 5-PHENYL- 
THIAZOLIDINE-2 : 4-DIONE 
(2:4-DIHYDROXY-5-PHENYLTHIAZOLE ) 





by A. SHULMAN! 


(Department of Physiology, University of Melbourne, Victoria, Australia). 
(Accepted for publication 5th January, 1957.) 


The chemical properties of 2:4-dihydroxy-5-phenylthiazole (I) and those 
of the closely related compound 2:4-diamino-5-phenylthiazole hydrochloride 
(D.A.P.T., III, Amiphenazole, Daptazole, DHA245) have been previously re- 
ported (Davies, MacLaren and Wilhemson, 1950). 

A consideration of the chemical structure of 2:4-dihydroxy-5-phenylthiazole 
indicates that it may be written in its keto tautomeric form as 5-phenylthiazoli- 
dine-2:4-dione (P.T.D., II) and, as such, shows a close structural similarity to 
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5-Phenylthiazolidine-2:4-dione 
(P.T.D.) 





C,H; —C S yy 
2HN — C C — NH:.HCI ewe ron 
nF nF 
(111) (IV) 
2:4-Diamino-5-phenylthiazole 2-Amino-4-hydroxy-5-phenylthiazole 
hydrochloride (D.A.P.T.) (A.H.P.T.) 





1 This work has been supported by grants from the National Health and Medical Re- 
search Council of Australia and from Nicholas Pty. Ltd. (Aust.). 
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many of the antiepileptiform drugs in current use. This class of compound also 
resembles the barbiturate ring system and exhibits barbiturate-like narcosis 
(Doran and Shonle, 1939; Erlenmeyer, 1938) and anticonvulsant activity 
(Hazard, Cheymol, Chabrier and Smarzewska, 1948, 1950, and Marshall and 
Vallance, 1954) in animals. P.T.D. forms a monosodium salt. 


It is the object of this paper to consider the hypnotic properties of P.T.D., 
to present evidence suggesting its possible value as an antiepileptiform agent 
and to indicate that its associated administration will both antagonise and poten- 
tiate selected pharmacological actions of its parent substance (D.A.P.T.). 


Further, evidence is presented from in vivo and in vitro experiments indi- 
cating that D.A.P.T. may be metabolized to P.T.D. possibly through the inter- 
mediate substance 2-amino-4-hydroxy-5-phenylthiazole (A.H.P.T., IV). 


METHODs. 


Hypnotic Tests. 


Pentobarbitone sodium (P.B.) (60 mg./kg.) and P.T.D. (sodium salt) (330 mg./kg.) 
in physiological saline and A.H.P.T. (200-800 mg./kg.) in a 1 p.c. tragacanth suspension 
were administered individually by the intraperitoneal route to groups of 20 mice of mixed 
sex (average weight 25 gm.). The mice were kept at a uniform temperature throughout. 
The mean sleeping time for the group, following the administration of each drug, was calcu- 
lated from the interval elapsing between complete loss and recovery of the righting reflex 
in each animal. 

A similar procedure was employed to determine the individual potentiating effect of 
selected doses of either P.T.D. (100 mg./kg. and 200 mg./kg.) or A.H.P.T. (200 mg./kg.) on 
the hypnosis induced by P.B. (60 mg./kg.) or each other. In this case a single dose of both 
drugs was administered simultaneously. 

A “t” test was carried out in all cases where there seemed to be a significant increase 
in the sleeping time. 


Anticonvulsant Tests. 


The method employed was based on that described by Goodman, Swinyard, Brown, 
Schiffman, Grewal and Bliss (1953) and further used by Marshall and Vallance (1954); the 
protective value of P.T.D. (sodium salt) was judged by its ability to abolish the tonic hindleg 
extensor component of the maximal Leptazol-induced seizure in mice. 

Both drugs, in physiological saline, were administered intraperitoneally to groups of 
mice of mixed sex (average weight 25 gm.). P.T.D. (sodium salt), in doses increasing in 
geometrical progression (100 mg./kg. to 337 mg./kg.), was given 1 hour before the Leptazol 
(90 mg./kg.). 


Antagonism and Potentiation Tests. 


The individual pharmacological activity of D.A.P.T. (5-330 mg./kg.) and P.T.D. (sodium 
salt) (5-500 mg./kg.) was initially investigated in mice. The effect of selected doses of 
both drugs was later determined in rats, guinea pigs and cats. Both drugs, in physiological 
saline, were administered intraperitoneally. Subsequently, the effect of similar additive ad- 
ministration of both drugs was investigated. P.T.D. (sodium salt) (200 mg./kg. and 330 
mg./kg.) was administered to groups of 20 mice of mixed sex (average weight 30 gm.) and 
10-15 minutes later, when the animals were drowsy or asleep, but still responsive to painful 
stimuli, a proven convulsant dose of D.A.P.T. (200 mg./kg. and 330 mg./kg.) was given. 
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Likewise, P.T.D. (200 mg./kg. and 330 mg./kg.) was administered to similar groups of mice 
just beginning to convulse 3-4 minutes following the prior injection of D.A.P.T. (200 mg./kg.). 
The syndrome of pharmacological events and the mode and rapidity of death were noted in 
each case. 


RESULTS. 


Hypnotic Experiments in Mice. 


(a) The hypnotic activity of 5-phenylthiazolidine-2:4-dione (P.T.D.) 2-amino- 
4-hydroxy-5-phenylthiazole (A.H.P.T.) and pentobarbitone sodium (P.B.). 
P.T.D. (sodium salt) (330 mg./kg.) produced narcosis for periods of up to 70 
minutes (Tables 1 and 4). In the early stage of this narcosis (15-30 minutes) 
the mice exhibited brief sporadic bursts (5-10 secs.) of mild clonic and tonic 
movements. Their respiration was slow and deep and they responded readily to 
painful stimuli. There were no peripheral signs of parasympathomimetic activ- 
ity. Death by respiratory failure was produced by doses greater than 400 mg./kg. 
(rats > 500 mg./kg.; guinea pigs > 500 mg./kg.) but there appeared to be no 
toxic effects produced by doses of less than 200 mg./kg. The earliest signs of 
sedation were seen with doses of 125-150 mg./kg. No signs of clonic and tonic 
movement were seen in narcotized rats and guinea pigs. 

A.H.P.T. in doses of up to 800 mg./kg. produced only mild sedation (Table 
1). There were no definite signs of initial stimulation prior to the onset of 
hypnotic activity. 

The narcosis produced by P.B. (60 mg./kg.) (Tables 1 and 2) presented no 
special features worthy of comment. 





TABLE 1. 


Potentiation of Pentobarbitone (P.B.) and 5-Phenylthiazolidine-2:4-Dione (Sodium Salt) (P.T.D.) 
Narcosis by 2-Amino-4-Hydroxy-5-Phenylthiazole (A.H.P.T.). 






































| | | | Trl. 
P.B. |+P.B. (60 mg./kg.)| P.T.D. (330 mg./kg. 
Treatment | (60 mg./kg.) + A.H.P.T. (330 mg. /kkg.) | + A.H.P.T. 
(200 mg./kg.) | (200 mg./kg.) 
Number of Animals Taken | 20 | 20 | 2 19 
Number of Survivors used in | 
Calculations 20 20 20 10 
Mean Sleeping Time (minutes) | 47°3 | 61-4 25-5 | 38-0 
Standard Error (S.E.) | 2-71 4-80 2-48 | 4-25 
P.B. | 2-56* 5-94ee8) 
“t” tests vs. 
P.T.D. | 2-72%* 
| 





+ A.H.P.T. given alone —200 mg./kg.—no visible effect. 
—400 mg./kg.—slight sedation. 
—800 mg./kg.—mild sedation. 


* p<0-05 ** p = 0-01 *** »<0-001 (highly significant) 
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(b) Potentiation of pentobarbitone (P.B.) narcosis by 5-phenylthiazolidine- 
2:4-dione (P.T.D.) and 2-amino-4-hydroxy-5-phenylthiazole (A.H.P.T.). Table 
2 shows the potentiation of narcosis produced by the simultaneous administration 
of a single dose of P.B. (60 mg./kg.) and P.T.D. (sodium salt) (100 mg./kg. 
or 200 mg./kg.). The combination of P.B. with the higher dose of P.T.D. 
(sodium salt) frequently caused death in mice by respiratory failure. 

A similar potentiation of narcosis (60 mg./kg.) by A.H.P.T. (200 mg./kg. ) 
is seen in Table 1. 





TABLE 2. 
Potentiation of Pentobarbitone (P.B.) Narcosis by 5-Phenylthiazolidine-2:4-Dione (Sodium Salt) 
(P.T.D.). 
+P.B. (60 mg./kg.) | +P.B. (60 mg./kg.) 
Treatment P.B. 


| + | + 
| (60 mg./kg.) | P.T.D. (100 mg./kg.) | P.T.D. (200 mg./kg.) 





Number of Animals Taken 27 20 21 





Number of Survivors used in Calcu- | 














| 
| 
lations | 23 | 20 | 12 
Mean Sleeping Time (minutes) 44-4 | 64-1 88-4 
Standard Error (S.E.) 4-29 | 2-24 4-48 
PB. 4-00*** 6-49*** 
“t” tests vs. | - 
P.B.+P.T.D. | 
(100 mg./kg.) | 5-36*** 








+ P.T.D. given alone —100 mg./kg.—no visible effect. 
—200 mg./kg.—mild sedation. 
*** — highly significant (p<0-001). 


(c) Potentiation of 5-phenylthiazolidine-2:4-dione (P.T.D.) narcosis by 2- 
amino-4-hydroxy-5-phenylthiazole (A.H.P.T.). These results are seen in Table 
1. The potentiation in this case (P.T.D. (sodium salt) (330 mg./kg.) + 
A.H.P.T. (200 mg./kg.)) seemed more marked than that following the simul- 
taneous administration of A.H.P.T. (200 mg./kg.) and P.B. (60 mg./kg.). 

The incidence of death was likewise increased in the former group. 


Anticonvulsant experiments with 5-phenylthiazolidine-2:4-dione 
(P.T.D.) in Mice. 


Table 3 shows the good protective value of low, symptom-free doses of 
P.T.D. (sodium salt) (100-150 mg./kg.) against convulsions induced by Lep- 
tazol. It further indicates that all mice receiving the high doses of P.T.D. 
(sodium salt) (225-337 mg./kg.), which also gave good protection, showed mild 
transitory signs of excitement and mild sporadic tonic and clonic movements 
both before the onset and during the early period of narcosis. This narcosis was 
of variable degree depending on the dose of the drug administered. 
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Antagonism and potentiation experiments with 2:4-diamino-5-phenylthiazole 
hydrochloride (D.A.P.T.) and 5-phenylthiazolidine-2:4-dione (P.T.D.) in Mice. 


The administration of small doses of D.A.P.T. (5-40 mg./kg.) generally 
produced a state of transient excitement. The administration of large doses 
(200 mg./kg.), however, produced, in addition, salivation, ataxia, weakness, 
loss of righting reflex, convulsions and death by respiratory failure. 

It has been indicated previously that the administration of P.T.D. (sodium 
salt) (330 mg./kg.) produces mild transient excitement followed by narcosis 
frequently lasting for more than one hour, whereas a dose of 200 mg./kg. pro- 
duces only mild sedation. A dose of over 400 mg./kg. will usually produce death 
by respiratory failure. 

The results of additive administration of D.A.P.T. and P.T.D. (sodium salt) 
are indicated in Table 4. 

The administration of P.T.D. (sodium salt) (200 mg./kg. and 330 mg./kg. ) 
prior to the convulsant dose of D.A.P.T. (200 mg./kg. and 330 mg./kg.) pro- 
duced a transitory stimulation (rate) of the depressed respiration, but the mice 
showed no signs of cerebral excitation nor any tendency to convulse. There was 
further no lightening of the narcosis, which indeed deepened within 3-4 minutes, 
the mice now showing less or no response to the same painful stimuli and fre- 
quently the absence of the corneal reflex. Most of the animals died of respira- 
tory depression, often associated with signs of congestive cardiac failure, within 
5-20 minutes of administration of D.A.P.T. The administration of P.T.D. (sodium 
salt) (200 mg./kg. and 330 mg./kg.) to mice just beginning to convulse follow- 
ing a prior injection of D.A.P.T. (200 mg./kg.), terminated the convulsion and 
induced a state of narcosis (with loss of righting reflex) which was much deeper 
than that obtained by the administration of an equivalent dose of P.T.D. (sodium 
salt) alone to untreated animals. There was again a high death rate in these 
groups. The results of these experiments indicate that some degree of pharma- 
cological antagonism was exhibited by these substances, namely, to the respira- 
tory depressant effect of P.T.D. (sodium salt) and to the convulsant action of 
D.A.P.T. This was followed by a potentiation of narcosis and an increased 
incidence and rapidity of death. 


DISCUSSION. 

The Hypnotic Activity of 5-phenylthiazolidine-2:4-dione (P.T.D.). 

The hypnotic activity of P.T.D. (sodium salt) was first observed by Mr. 
T. C. Somers of Nicholas Pty. Ltd. (Australia) following screening tests. This 
property and its ability to potentiate narcosis induced by pentobarbitone sodium 
(P.B.) supports the observations of Doran and Shonle (1939) and Erlenmeyer 
(1938) for other substituted thiazolidine-2:4-diones. 

The pharmacological similarity between this class of compound and the 
barbiturates is further indicated by the fact that mice may be awakened from 
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P.T.D. (sodium salt)-induced narcosis (330 mg./kg.) by the administration of 
the barbiturate antagonist Bemegride (10 mg./kg., 8-methyl-8-ethylglutarimide, 
Megimide, NP13) (Shulman, 1956). 


The Anticonvulsant Activity of 5-phenylthiazolidine-2:4-dione (P.T.D.). 


An investigation of the activity of P.T.D. was suggested by the known anti- 
convulsant properties of various methyl and ethyl substituted thiazolidine-2:4- 
diones (Hazard et al., 1948, 1950; Marshall and Vallance, 1954) and also by a 
structural similarity to other phenyl substituted antiepileptiform drugs in present 
day use, namely, Phenobarbitone, Dilantin, Mesantoin and Epidon. This may 


be seen in Table 5. 


TABLE 5. 


A structural comparison between 5-Phenylthiazolidine-2:4-Dione (P.T.D.) and other common 
Antiepileptiform Drugs. 





General Formula 

















R 
P x 
R, 
O= a alt c=0 
N 
| 
Riu 
{ 
Drug | R R, Ry x 
PTD. C,H, H H S 
Phenobarbitone | C,H, C,H, H NH-CO 
Dilantin C,H, C,H, H NH 
Mesantoin C,H, C,H, CH, | NH 
Epidon C,H; C,H, H O 





The high margin of safety and ability of P.T.D. to decrease the incidence 
of Leptazol-induced seizures in mice (its ability to prevent maximal electroshock 
convulsions has not been investigated) suggests that this and related disubsti- 
tuted phenyl alkyl thiazolidine-2:4-diones may merit further investigation as 
agents possibly beneficial in minimizing epileptiform seizures. 

It may be of interest to compare the structures and properties of Dolitrone 
(5-ethyl-6-phenyl-meta-thiazane-2:4-dione, V) with those of P.T.D. (II) and 
Phenobarbitone (5-phenyl-5-ethylbarbituric acid, VI). Dolitrone, whose struc- 
ture seems to combine the essential groupings of both these latter substances and 
whose hypnotic activity is likewise antagonized by Bemegride (-methyl-p- 
ethylglutarimide) (Shulman and Laycock, 1957), was recently introduced into 
the practice of anaesthesia by Lundy (1955) as an analgesic and mild narcotic 
producing a state of “controlled amnesia”. 
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The Pharmacological Antagonism and Potentiation of 2:4-Diamino-5-Phenyl- 
thiazole Hydrochloride (D.A.P.T.) and 5-Phenylthiazolidine-2:4-Dione (P.T.D.). 


Some pharmacological and clinical properties of D.A.P.T. (Amiphenazole, 
Daptazole, DHA245) have been considered elsewhere; de la Lande and Bentley 
(1955), Lundgren (1956), McKeogh and Shaw (1956), Shaw, Simon, Cass, 
Shulman, Anstee and Nelson (1954), Shaw (1955), Shaw and Bentley (1955), 
Shaw and Shulman (1955), Shulman (1955), Shulman (1956a), Shulman, Shaw, 
Cass and Whyte (1955), Shulman and Trethewie (1956). 

This substance may be converted to P.T.D. by treatment with concentrated 
hydrochloric acid (Davies, MacLaren and Wilhemson, 1950), and evidence has 
been presented suggesting that such a transformation could also be effected 
enzymatically in the body, perhaps through the intermediate substance 2-amino- 
4-hydroxy-5-phenylthiazole (A.H.P.T.) which may be obtained by hydrolysis 
of D.A.P.T. with water (Davies et al., 1950). 

This contention received initial favour from some similarity in the course 
of pharmacological events following the administration of high doses of either 
drug to mice, and was more strongly supported by the observations resulting 
from the additive administration of high doses of both drugs to these animals. 
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The end result was the same in this latter case, irrespective of which drug was 
administered first. Thus, the syndrome featured an antagonism to the P.T.D.- 
induced respiratory depression and the D.A.P.T.-induced convulsive action which 
was followed by an increased depth of narcosis and an enhanced incidence and 
rapidity of death, suggesting that D.A.P.T. may have been converted during this 
process of antagonism to P.T.D. 

However, the following factors may have also contributed to the increased 
narcosis and incidence of death in these animals: 

(i) A concomitant cerebral anoxia of convulsive origin, induced by the large 
dose of D.A.P.T. employed which may potentiate the hypnotic action of P.T.D. 
(sodium salt). This is in keeping with the observations of other workers 
(Nilsson, 1951), following the administration of large doses of analeptics to 
animals in deep barbiturate coma. 

(ii) The formation of some other, as yet unidentified, metabolite with nar- 
cotic action, perhaps common to both D.A.P.T. and P.T.D. 

(iii) The direct action of D.A.P.T. and P.T.D. (sodium salt) on muscle. It 
has been shown that increasing doses of the former drug (at comparable in vivo 
concentrations) will first stimulate and then markedly inhibit the contractile 
response of the isolated rat diaphragm muscle stimulated indirectly through its 
nerve. P.T.D. has a similar but less marked effect (Shulman, unpublished experi- 
ments). This action may contribute to the loss of the righting reflex and death 
by further impairing the efficiency of the peripheral muscles, particularly those 
concerned in respiration. 

Additional evidence was obtained by an investigation of the pharmacological 
activity in mice of the intermediate substance A.H.P.T. This compound was 
shown to possess mild hypnotic activity in high doses and, further, to potentiate 
narcosis induced by either P.B. or P.T.D. In the latter case an increased inci- 
dence of death was observed similar to that following the additive administration 
of P.T.D. (sodium salt) and D.A.P.T. 


These results appear further to support the suggested in vivo conversion 
of D.A.P.T. to P.T.D. as do preliminary Warburg studies in collaboration with 
Dr. E. M. Trautner (unpublished observations) which indicate that D.A.P.T. 
(M/80) will bring about an initial increased oxygen uptake of guinea-pig brain 
homogenate followed by a marked depression of respiration. A pale yellow 
crystalline solid, often deposited during this process, resembles A.H.P.T. in its 
solubility in acids and alkalis. Sufficient quantities of this substance have not 
yet been obtained to enable purification and more exact identification. 

It should be pointed out, however, that the concentration of D.A.P.T. em- 
ployed in these Warburg studies was far greater than that which will bring about 
signs of mild cerebral stimulation in both intact animals (rat, 15-30 mg./kg; cat, 
30-50 mg./kg.) and man (1-2 mg./kg.). Further, no signs of residual sedation 
have been observed following the administration of therapeutic doses of D.A.P.T. 
(10-50 mg.) to patients or to young healthy volunteers (100-200 mg.) (Shulman, 
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1955). However, these doses were probably too small, even assuming complete 
conversion to P.T.D., to produce narcosis. 

It is of interest to note that a similar type of pharmacological antagonism 
and potentiation has been observed with the convulsant barbiturates 5-(1’,3’- 
dimethylbuty] )-5-ethylbarbituric acid and 5-(3’,3’-dimethylally] )-5-ethylbarbi- 
turic acid and their hypnotic analogues pentobarbitone (P.B.) (5-(1’-methyl- 
butyl] )-5-ethylbarbituric acid) and amylobarbitone (5-isoamyl-5-ethylbarbituric 
acid) (Knoefel, 1945; Leonard and Harrisson, 1953; Swanson and Chen, 1939; 
Taylor and Noble, 1949). In this case, these substances show a close similarity 
in the steric configuration of their substituent groups. 

There is one final fact emerging from the experiments on the pharmacolo- 
gical interaction of D.A.P.T. with P.T.D. which requires consideration. This is re- 
lated to the clinical use of 2:4-diamino-5-phenylthiazole hydrochloride (D.A.P.T. ) 
(Amiphenazole, Daptazole, DHA245) and £-methyl-f-ethylglutarimide (Beme- 
gride, Megimide, NP13) in the treatment of barbiturate intoxication (Shaw et al., 
1954; Shulman, et al., 1955; Shaw, 1955; Shulman, 1955a, 1956b). The concomi- 
tant use of D.A.P.T. was advocated because of its ability, in therapeutic doses, 
to potentiate the antibarbiturate action of Bemegride as well as minimizing the 
incidence of toxic symptoms (cerebral excitation) following the administration 
of excessive doses of this latter substance (Shaw et al., 1954; Shaw, 1955; Shul- 
man et al., 1955). 

As there now appears to be a possibility that D.A.P.T. may be metabolized in 
the body to yield P.T.D., which has been shown to potentiate barbiturate nar- 
cosis, it would seem wise to suggest more caution in the use of the former sub- 
stance than was previously considered necessary in the clinical management of 
barbiturate overdosage. This argument, however, seems to be principally of 
theoretical value as very large doses of D.A.P.T. have been administered in 
combination with Bemegride in the treatment of barbiturate intoxication without 
the appearance of any obviously harmful effects (Shulman et al., 1955). 


SUMMARY. 


5-Phenylthiazolidine-2:4-dione (P.T.D.) produces narcosis in mice which is 
reversed by the barbiturate antagonist Bemegride (8-methyl-6-ethylglutarimide, 
Megimide, NP13). It also potentiates the hypnotic action of pentobarbitone 
sodium (P.B.) in mice. . 

5-Phenylthiazolidine-2:4-dione (P.T.D.) protects mice against the convul- 
sant action of Leptazol. This property and a structural similarity to many of 
the commonly employed antiepileptiform drugs suggests that this and related 
substances may merit investigation in the treatment of epileptiform seizures. 

5-Phenylthiazolidine-2:4-dione (P.T.D.) antagonises the respiratory stimu- 
lant and convulsive properties of its parent substance 2:4-diamino-5-phenylthia- 
zole hydrochloride (D.A.P.T.) (Amiphenazole, Daptazole, DHA245) in mice. 
This is followed by an increased depth of narcosis, and an increased incidence 
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and rapidity of death indicating that the latter substance may be metabolized 
to the former during this process of antagonism. It is suggested that this conver- 
sion may proceed through the intermediate substance 2-amino-4-hydroxy-5- 
phenylthiazole (A.H.P.T.), which itself exhibits weak hypnotic properties and 
potentiates the hypnotic action of P.T.D. and P.B. A similar interaction, operat- 
ing between convulsant and hypnotic barbiturates, has been indicted. 

A structural similarity between Dolitrone and 5-phenylthiazolidine-2:4-dione 
(P.T.D.) and Phenobarbitone has been indicated. 
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